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11, Old Comfton-street, Soho. 

THE folloving treatise has been composed for the in- 
struction of such as are actually unacquainted with chemi- 
cal science ; and with that view I have followed such an 
arrangement of the subjects, as appeared best calculated 
to afford a clear and permanent knowledge of their re- 
lations and consequences. 

« 
As the proofs of chemistry are grounded upon an ap- 
peal to the senses, I have in the first place described 
some experiments, which are easy to be performed, and 
particularly adapted to exhibit the general nature of 
chemical action. 

But mere facts do not constitute a science. The rea- 
soning faculty must be exerted to dispose them in the 
order of cause and effect ; first by the method called ana- 
lysis, and afterwards in that of synthesis : which last 
may be considered as including those tentative processes 
of the mind called hypotheses, which in natural science 
are rendered legitimate by experiment. 



'*• ^ 



iv ^ pliarAc^. 

To aimoilhce those generalities wKich have been de- 
duced from the ^analytic^ labours of fonfier philos^^liedi, 
and constitute the theoiy of the science f to exhibit, the 
conditions of Ihe mutual^ actions of bodfes ; ^nd to pla^e 
the student updn ah eminence Whence' he ma}r contem* 
plate the phenomena witlf aidtaix^e^ and in many cases 
foretel events with certaintv; require 'a display of the na- 
ture of chemical attraction, or affinity, and of heat. I have 
distinctly stated«the laws of affinity- in fh'e synthetical form, 
and have then proceeded to illustrate those laWs^ by a 
series of experiments sufficiently striking, to interest the' 
mind and fix the doctrine in the memory. The same n^e* 
thod is adopted with regard to heat and light ; which, to- 
gether with attraction and repulsion, constitute the causes 
of eyery chemical change. 

These positions and their illustrative proofs are immedi- 
ately followed by the classification of the simple or unde- 
cpmpounded bodies, with their attributes, affections, or 
habitudes ; which latter are proved experimentally. 

The gases and the theory of their formation are next 
considered ; their characteristic properties are detailed ; 
the processes for obtaining them described ; and a va- 
riety of the most appropriate experiments explainedji by 
applying the general doctrines to each particular fact. 
Among these . important first lines of chemistry, the 
formation of water jf the production of various acids; 
^e nature of the ain we breathe ; eudiometry ; combus- 
tion; and many phenomena of the u^mos^ magnitude 
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and valne^resexit themselves, ancj. are elucidated by ex- 
popmeat^si 

The^ metals, alkalies, earths, &c. next succeed, and are 
tvealed in die same n^ner by direct reference to the facts 
they a£Ford duripg chemical examination. The natural 
history of each, And their obvious physical and chemical 
properties, are firsl^ stated ; then follow the means of ob- 
taining them i and lastly^ their physico-chemical proper- 
tie^ are shown, by a series of experiments. A similar 
method pel'vades the .whole of the work. 

I hftve endeavoured experimentally to unfold all the fun- 
damental truths of the science. I have proceeded from 

r 

first notions step by step ; from generals to particulars ; 
from- premises tq conclusions ; deducing causes from 
their ^ects, and effects from their causes, in order to 
maintain a systematic connection between the several 
parts of the whole, and to recal to the memory aH the 
changes which bodies are susceptible of in their mutual 
actions. 

I am persuaded this cannot be better done than by de- 
termining their properties by experiments under different 
circumstances. Hence the same facts are exhibited un- 
der various forms and relations, in order to oblige the 
mind to re-consider the same phenomena in different 
lights* . 



# .* 



It is perhaps needless to state, that I have availed my- 

t 

self of all the authoi*s who have cultivated and enriched 






this science* In mai^ instaiices I &und p(^ptcuit]r of 
style and precision of detail,' on which I could iiQ(.hopetp 
make improvements ; and in such t^ses I ba^re mt scru- 
pled to transcribe whatever answered my purpose. But 
I have faithfully quoted my aut^rities^ and rendered 
honour to whom honour is due. ' • - 



A' 



' They who are familiar with the science will nevecthe- 
leSs observe that I have done more than borrow from 
others. I have corrected errors which are found even in 

the works of modem authors of eminence ; particularly in 

• 

respect to the practical part of many processes. I have 
facilitated many operations ; I have advanced a variety of 
new experiments, and pointed out such particulars in the 
performance of others as I have found in the course of 
my profession to be superior to those in general use. 

» 
The directions for performing chemical experiments, 

and the explanations in general, may be considered by 
some readers as too minute : but I am fully convinced 
that chemistry cannot be learned without actually apply- 
ing to the operative part of the science. It is obvious 
that success must greatly depend on minute and clear in- 
structions : this method of teaching cannot therefore be 
deemed trifling. I have indeed written for beginners ; 
but accuracy and precision are so far from being faults, 
that they are more acceptable even to proficients, than that 
loose descriptive method which leaves the whole detail of 
quantities, order, and operation, to be supplied by the 
trials of the reader himself. * , 

?RBDRIC?: 4CCUM. 

London, 1803. 
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TO 



THE SECOND LONDON EDITION. 



11, Compton-streety SoAo, 

I HAVE carefully revised the second edition of 
this work ; the discoveries which have offered themselves 
in the field of chemical science are inserted, some hew 
plates have been ^dded exhibiting a variety of chemiocil 
instruments useful to the operative chemist, and no labour 
has been spared to render the present edition, worthy of 
^^^ the distinguished approbation which this work has met 

9 

with, amongst the chemical public. 

FREDRICK ACCUM. 

London^ Jan. 1, 1807. ^ 
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TO THE 

SECOND AMERICAN EDITION. 

XT is between six and seven years^ since the last edition 
of Accum's Chemistry was published* The accumulation 
of chemical fact and the progress of chemical science, ren-' 
ders every elementary book on the subject imperfect after 
such an interval. Corrections and additions become ne* 
ce^sary* It would have been better, if the author of this 
work had performed this duty himself, but as a new edi-» 
tion of the book is required, J have undertaken to do that 
which there is no present expectation of seeing done by 
the person most competent to the task. 

Since the last edition in 1807, the discovery of the alka* 
line and earthy metalloids, the controversies on the im- 
portant subjects of definite or indefinite combination in 
chemical affinity, and the nature of chlorine gas, have 
gready interested the chemical world. The fitst Volume 
of the elements of Chemical Philosophy by Sir Humphrey 
Davy has appeared, bearing the following characteristics, 
viz. That chemical attractions greatly depend on, if they be 
not the same with electrical— «that the alkalies and alkaline 
earths are metallic oxyds-^that all chemical combination 
takes place in multiple proportion-^-^that chlorine is a sub* 
stance sui generis^ and like oxygen a supporter of combus* 
tion : positions that as yet may require hesitation and fut^ 
ther examination ; but they are of to6 extensive applica- 
tion to be neglected. 

On all these subjects I have endeavoured to give a 
condensed summary of the doctrine or the controversy. I 

VOL. I. B 



X PKEFACE TO THE SECOND AMERICAl^ EDITION. 

have added also, my own views of the elementary proper- 
ties of matter— of the nature of heat, light and combus- 
tion — and I have endeavoured to add such facts to Ac- 
cum's collection as seemed to me likely to improve it as an 
elementary book. 

The compilations of Murray and Thompson are too vo- 
luminous and expensive for an elementary treatise : the 
last (6th) edition of Henry, is a very good book and free 
from the objections to Murray and Thompson. But upon 
the whole, it seems to me that Accum's method of treating 
the subjects of chemistry, is more satisfactory to students 
than any other of the elementary treatises that have appear- 
ed : and it has the advantage of being neither too volumi- 
nous for a course, nor so brief as to be obscure. 

When Mr. Accum thinks fit to publish a new edition, 
he will probably new model his work, and incorporate all 
the additions he thinks fit to make, in the body of the 
work. I cannot take this liberty, add therefore it must ap- 
pear with patch work additions, which, however necessary 
to a distinct view of the modem state of the science, can 
only be justified by that necessity. I hope the notes I have 
added, will add to the utility at least of the work, and no- 
thing further can be expected. I have endeavoured to 
make them useful ; and so to compose them, as to lead 
the student to reflection and combination on the facts of 
the science : whether successfully or not, the public must 
decide. 

THOMAS COOPER. 

Carlisle, October , 1815. 
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SECT. I. 

DEFINITION OF CHEMISTRY. 

CHEMISTRY is that department of physical sci- 
ence the object of which is to investigate and account for 
the "intimate changes produced in all bodies in nature hy 
die mutual action of their parts upon each other; by 
means of which their physicsd properties are altered^ and 
their individuality destroyed. 

METHOD OF PERFORMING CHEMICAL 

OPERATIONS. 

In examining the changes which .take place in natural 
bodies, chemistry employs either simple observation or 
operative experiment. It either observes the processes 
which are incessantly taking place in the great laboratory 
of nature, or institutes, on purpose for this or that inves- 
tigatioir,>new processes of its own. 

When we observe how water is converted into ice, and. 
ice into water; how metallic substances lose their lustre in 
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the open air; we then acquire chemical knowledge by 
simple observation. When, again, we kindle a fire, that we 
may see its action upon some combustible or incombus- 
tible body ; when we immerse a solid into a fluid, that we 
may learn whether the solid will be dissolved or. not, in 
consequence of the immersion ; in these and other such 
cases we investigate chemical truth by experiments. 

Of the chemical knowl^dg^ acquired by simple obser- 
vation every man possesses more or less ; and a very con-* 
siderable knowledge of the chemical changes of bodies 
may indeed be thus obtained* But mere unassisted ob- 
servation is ever so inaccurate^ so subject to accident, and 
so little capable of accomplishing any continuous and con- 
nected plan, that chemical inquiries almost always as- 
sume the form of experiment. 

The artificial arrangement, or method which chemistry 
employs to favour the mutual action of^bodies, consi^ in 
the proper application of those substances to each Other 
which experience has taught us are best calculated to 
produce certain changes, that, in many cases, would' other- 
wise be too minute to affect the senses individually. 

Those operations themselves are called chemical pro- 
cesses, OPERATIONS, OR EXPERIMENTS* 

. GENERAL NATURE OF CHEMISTRY. 

The processes of chemistry have been usually repre- 
sented as either analytical or synthetical. 

Analysis, which is synonimous with decomposition, 
expresses the separation of the principles of a compound 
body. Synthesis denotes the re-production of compound 
substances from simple bodies. 

Analysis is divided into simple or perfect^ and into com- 
plex or imperfect^ analysis. It is called simple or perfect 
when, by means of synthesis, we can re-produce^hody with 
the very substances which were the products of the analy- 
sis. It is complex or imperfect, when this cannot be efiect- 
ed. Simple analysis is the surest proof of the truth of 
chemical investigation : it is the most useful, and also the 
most rare, in all our artificial processes. 

From this cursory account of the nature of the processes 
of chemistry, it becomeii obvious that the whole art of the 
science consists in promoting the mutual actions of bodies 
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on each other, and carefully observing the phenomena 
that takes place. It must not be forgotten that these two 
methods do continually take place m the grand opera- 
tions of nature, of which the chemist is only an imitator. 
The operations all depend on certain kws established 
between bodies^ and require nothing more in order to 
their being rendered active than that the bodies should 
be placed into such situations as enable them to exercise 
their action. These important truths require to be ma- 
turely weighed and considered by the student who intends 
to embark in chemical pursuits. 

Chemistry^ therefore, consists in a detail of those facts 
which are founded on experiments and observations* 
Its basis is EXPERIENCE: from this, by regular con- 
clusion^ it deduces a THEORY, and connects a series 
of accurately established facts into a certain order^ called 
a SYSTEM. 

It follows from this that the evidence of chemical 
truth is9 stricdy speaking, only probable, not absolutely 
certain. This probability, however, is so much the greater 
as the experiments on which the observations are founded 
are more, numerous, and have been more accurately per- 
, formed. All possible exceptions, then^ being made, we 
may vcinture to consider the results which offer them- 
selves as true, till other facts are furnished, which by a 
more extensive and complete induction prove their fal- 
lacy. 

It has been thus, by simple experiments and observa- 
tion, that the science is become enriched with a store of 
facts. These facts have been gradually connected to- 
gether, and arranged in such order as appeared most pro- 
per for exhibiting their reciprocal relation to each other; 
and at the same time for referring them to a smaller 
number of general heads, in order to consult them with 
the least difficulty; and to trace the laws that regulate 
them. 



SECT. II. 

SUBJECTS AND IMPORTANCE OF 

CHEMISTRY. 

CHEMISTRY, in its ccmnexion with the operations 
of nature and the existence of man, is hig;hly worthy of 
an accurate examination. It unfolds the causes of many 
important phenomena ; it enables us to reason concerning 
thosp properties of bodies which most immediately con- 
cern us, and to predict their alterations ; and it developes 
to us sublime views of the order and harmony belongmg 
to the different parts of our system. 

This branch of science has been slowly formed, in 
consequence of minute observations made upon natural 
events, and of experiments in which natural agents have 
)been placed in new .relations : and though much has been 
done, much remains to be effected. The facts already 
ascertained are nevertheless sufficient to prove, that aH 
the diiferent known substances belonging to our globe are 
subjected to certain and invariable chemical laws, and 
that the most extensive and important chemical changes 
^e QontinuaUy takitig place in the solid substance of the 
earth, the ocean, and in the atmosphere. 

All material bodies are therefore the subjects of che- 
mical research* The solid matters composing the terres- 
trial mass of the globe we inhabit; the aqueous fluids 
which penetrate its cavities, ost float about its surface ; 
ihe more subtile gazeous matter circumfused around it ; 
the agencies of heat, light, and other imponderable sub- 
stances e^ppanded through spa^e; are subjects for the 
chemical philosopher. 

The events which chemistry holds out are equal to^ and 
perhaps more important than, those which belong to me- 
chanical philosophy, It extends itself into the province 
of active life. It is the nursing mother and guide of in- 
numerable important arts. The arts of dyeing, bleach- 
ing, tannings glass and porcelain-making, printing, the 
working of metals, &c. are purely chemical arts. They 
depend so much on that science, they are so combined 
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wnh its proper existence and its adviuicement, that all the 
steps which it makes in the knowledge of bodies, all the 
discoveries with which it is daily enriched, are so mai^^ 
new acquisitions for these arts ; it perpetually improver 
theni» adds to their processes, and creates new ones* 
AgriSUture can only he rationally improved by calling in 
the assistance of the chemical philosopher ; JBk is che- 
mistry which explains the phenomena oN^^etation, 
germination, the growth, the ripening, and the death of 
plants* 

To the PUBLIC ECONOMIST chemistry presents a trea- 
sure of useful information* By means of this science alone 
^ can he expect to attack with success the destroying pes* 
^iljpce, so far as it is an object of human prevention, 
ai^to guard against other evils to which the state of the 
elements gpve rise* 

To the DOMESTIC ECONOMIST this science abounds 
with pleasing and wholesome lessons* It enables him to 
make a proper choice of meats and drinks / it directs him 
to those measures with respect to aliment^ cookery ^ cloth* 
ittffy and respiratioHy which have the best tendency to 
promote healthy enjoyment, and cheapness of living ; and 
it sets him on his guard against unseen evils, to which those 
who are ignorant of its laws are continually exposed* 

The GARDBNBR, whosc employments are more curious 
than those of the fanner, equally needs ks,assistance* The 
nature of the different manures necessary for the various 
kinds of vegetables, the influence of light, the different 
temperatures, the quantity of moisture, the preservation 
of seeds, roots, plants, &c, are all founded upon chemi- 
cal principles* 

Chemistry likewise directs the labours of the tosb and- 
MAN* In the DAIRY, milk cannot be kept sweet and fresh, 
butter cannot be made, cheese cannot be prepared, with- 
out a skill founded wholly upon chemical principles* 

The CULINARY ART, for preparing wholesome and nu- 
tritious food ; and the method of preserving bacon, hams, 
and other animal and vegetable substances, is entirely 
chemical* • 

V 

The whole process Of the vintage ; the art of the 
brewer and distiller; the preparation of cyder, perry, 
home-made wines, &c* vinegar, &t* all depend upon 
chemical principles. 
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To the RURAL ECONOMIST this science furnishes prin- 
ciples and agents of inestimable value. It teaches him 
^he food ofphnts; the choice and use of manures; and the 
fpest means of promoting the vigour, growth, productive- 
ness, and preservation, of the various vegetable tribes. 

In MEDICINE and pharmacy great benefits havf been 
derived ^|ka the discoveries of chemical philosophers. 
To the ^JRciAN this science is of the greatest value. 
He leam^rom it. to compound his medicines, to disarm 
poisons of their force, to adjust remedies to diseases^ and 
to adopt general means of preserving -health. 

The chemist begins his inquiries where those of the na* 
tural historian and those of the natural philosopher termi- < 
nate. The first of these examines bodies^ in ordeiv t^ 
arrange them into certain classes, genera, at^d species Aie 
second investigates the general properties of objects, such 
as their density, elasticity, figure, &c« and calculates the 
relative forces of their mechanical actions. 

The chemist, however, goes further :...he looks into the 
more intimate structure of substances ; he separates their 
heterogeneous particles^ from each otlier; he resolves them 
further into their simple or elementary substances, and 
examine$ their nature and properties when in a detached 
or simple state. He thus learns their reciprocal relation 
to each othpr, and becomes enabled to re-combine them 
in proportions diflFerent from those in which they were 
united by nature, in order to form new and useful com- 
pounds, which nature herself does not produce. 

But chemistry is not only valuable as an art which sup- 
plies many of our wants, our comforts, and luxuries : its 
objects' are Sublime and beautiful in another point of view 
...it removes the veil from the fabric of nature, and makes 
us acquainted with all the phenomena which happen 
around us...it affords pleasure to the senses, and calls into 
action a laudable curiosity, which characterizes the minds 
of those who are of a scientific turn ; exciting at the 
same time a spirit of rational, inquiry, which is capable of 
producing the most beautiful and striking phenomenaf 
well calculated to serve as an instructive and rational 
amusement. 
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SECT. m. 
HISTORY OF CHEMISTRY. 

FROM what has been already stated, it becomes obvi- 
ous that chemistry may be considered both as a science and 
as an art :««.*as a science^ it may he said to be of modem 
date ; but as an art, it must bie coeval with the earliest 
exerciAb of the industry oif man; for many operations now 
considered chemical certainly must owe their invention to 
the immediate wantis of society. The method of kindling 
fires; the arts of baking bread, moulding clays and burn- 
ing them into pottery, extracting metals from their ores, 
the methods of working them^ and various other pro- 
cesses, were certainly known to die antediluvians. If 
we attempt to trace its birth as a science, we find it ori- 
ginating in fables and obscurity ; nor indeed could we de- 
rive any chemical advantage if it were possible to dispel 
the cloud by which it is enveloped* 

Whether Tubal-Cain^ who is stated to have been a 
worker in metals in the time of Abraham ; whether Noah, 
who made wine and bricbs, and who preserved the requi- 
site stores of provisions in the ark, during the deluge ; 
whether Moses, who burnt the golden calf of the Israelites; 
or whether Cleopatra, who is said to have dissolved a 
pearl ; understood chemistry, are questions, important 
perhaps to the antiquarian, but of little value to the 
chemist. It is more plausible to suppose that a science 
so much depending on the state of the arts, the civiliza- 
tion of man, and the experience of ages, could not pos- 
sibly exist in such a remote time. But as it would be in 
some respect unpardonable for those who devote them- 
selves to the study of chemistry to be utterly unacquaint- 
ed with its history, we shall shortly notice the oudines 
of this history, and fix the dates of the progressive dis- 
coveries of our predecessors which led to the eltablish- 
ment of the science. 

The Israelites acquired their information in Egypt. It 
was there that Moses learnt the properties of metals, the 
method of extracting oils, the preparation of odoriferous 
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gums and perfumes^ the solution of gold, the dyeing of 
linen, the making of wine, vinegar, die art of gliding, and 
the fabrication of pottery, soaip, &c* 

The PHoeNiGiANs were the first who applied themselves 
to the examination of the effect of different bodies upon 
each other, which may be called chemical. They invented 
the art of tinging garments widi a purple coloured matten 
produced by a species of shell-fish* They manU&cturea 
glass, with which they traded ; artificial gems, perfumes, J 

and odoriferous balsams. They also invented the art of ^ 

preserving the fruits of various plants and vegetables. 

In China, even in these remote ages, the inhsftitants 
were acquainted with nitre, gon«powder, borax, alum, 
verdigrlse, sulphur, mercurial-ointment, various pigments, 
dyes for linen and silk, and with the art of making paper. 
They also manufactured porcelain, and different other 
kinds of pottery ; they made a variety of metallic com* 
pounds. The use of wax was known to them, and was 
very well applied. * 

From this account of the state of the arts we may be 
permitted to consider the jphinese, according to Guignes, 
as an Egyptain colony. 

The Cakthaginians, who were a colony of the Phoe- 
nicans, learnt their arts ; but the priests in whose hands 
the learning was retained, handed them to their succes- 
sors veiled in hieroglyphic mystery. 

The Grecians derived their arts depending upon che- 
mical principles from the Phoenicians. They practised 
all the inventions of their predecessors successfully. 

It it natural that the obvious difference or changes of 
the bodies that surround us could not escape the notice 
of a people of so philosophical a turn of mind as the Gre- 
cians : hence both Aristotle and Empedocles taught the 
doctrine of the four supposed elements^ air, earth, fire, 
and water. 

The Romans, a people always at war and victorious, 
were not distinguished among the nations of the ancient • 
world as discoverers in the arts, or inventors in science. 
After having conquered and subjugated almost all the civi- 
lized parts of the earth, they arduously cultivated the arts 
of their masters, the Grecians. They understood the art 
of making excellent wines and ardent spirit : they knew 
the application of manures : they prepared incombustible 
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cloth for wrapping up the dead bodies which were destined 
to be burnt, in order to preserve their ashes distinct from 
those of the funeral pile : they moulded claySf and con-, 
verted them, by burning, into different kinds of pottery;* 
*they were also acquainted with almost all the metals, and 
the methods of coining them : they were skilled in the 
culinary art; their cooks invented delicious sauces, as 
luxuries for their table : and the remains of their aque- 
ducts, and other works of architecture, evince the incom- 
parable perfection of their cements. 

But all the arts, the sciences, and literature of the Ro« 
mans and Greeks, were destined to sink into oblivion. 
Hosts of barbarian conquerors descended upon them from 
the North ; the energies of civilization withered at their 
touch, and its works were destroyed before them* 

During all this epocha of war and desolation chemistry 
acquired only a few facts, without connection and with' 
out orden 

Driven as it wej^ from Europe, the arts obtained an 
asylum with the Arabians ; who improved many, and 
applied them to medicine* The attachment of this nation 
to magic, and their inclination for the marvellous, soon 
increased the mysteries in which the arts were then al- 
ready involved ; and henpe alchymy, or the art of trans- 
muting base metals into gold^ took its rise* This hap- 
pened about the commencement of the fourth century. 

As this delusive dream of the imagination held out a 
bait to avarice5 it soon acquired a train of followers. In- 
toxicated with the idea of the boundless wealth that would 
reward success, the great object was the philosopher's 
stone, and the possibility of the discovery of an universal 
niedicine, which should cure every disease, and give im- 
mortal health and life to embodied man. The research 
was pursued with an a«dour which no disappointment 
could damp, and the mania spread from one country to 
another. In Egypt it attracted the attention of the go- 
vernment. Dioclesian, apprehensive that the dreams of 
the alchymists might be realized, ordered all, their books 
to be burnt, in order that he might subdue them with 
more facility* 

After this period the alchymists were strongly opposed 
by several able and learned men* They were considered 
as people who held intercourse with malevolent spirits. 
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Roger Bacon, the alchymist, who is supposed to be the 
inventor of gun-powder, was excommunicated by the 
pope, and imprisoned ten years, for supposed dealings 
with the devil ; and Paracelsus was thought to have an 
evil spirit confined in the pommel of his sword. Indeed, ' 
many of the adherents of alch3any Endeavoured to enforce 
the belief of charms and spells. Paracelsus^ th« most im- 
petuous man, who in ostentation and lies surpassed all 
his predecessor alch3anists, promised immortality in this 
world to his followers ; but his premature death, which 
happened in 1541> exposed his vanity, apd blasted all 
their hopes. 

It would surpass our limits were we to give a circum- 
stantial dptail of the state of the chemical arts at that pe- 
riod. It will be readily conjectured^ that^ owing to the 
great numbers of experiments, which were performed 
amongst the alchymists, many valuable discoveries must 
have been made unintentiona^y• The alchymists actually 
collected a rich store of important chfq^czd facts ; and if 
they did not succeed in drawing gold from their furnaces, 
they produced those materials on which the true doctrine 
of chemistry was afterwards erected* 

If we were to fix the existence of chemistry in the arts 
which it elucidated, it is evident that this science would 
have pl*eceded every other ; that Egypt would have been 
its cradle ; and that it had been cultivated for time im* 
memorial in China. 

Vinegar was the only acid then known : amongst the 
salts they treated only of se^-'salt, ammoniac^ verdigrise, 
alum, and soda ; which latter was called nitre. They dis- 
tinguished no earth but lime and clay. Sulphur and bitu* 
men were the only pflammable matters employed. They 
worked seven ductile metals ; the brittle metals were un- 
known. There were no real experiments made in che- 
mistry ; so that among the whole of these facts we per- 
ceive nothing more than the infancy of the art : there 
neither was nor could be any scientific system, y&r as yet 
the science of chemistry did not exist. 

At the end of the seventeenth century chemistry began 
to assume a scientific form. The scattered chemical facts 
which the alchymists had discovered, were collected, ar- 
ranged, and reduced to principles* 
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Tlie first chemical writer that excites our notice is 
Becher. This man collected all the facts w.hich were 
noticed before him, and pointed out many important ob- 
jects to which the researches of chemists ought to be di- 
rected. The publication of his Physica Svbterranea^ in 
1669, forms a very important sera in the history of che- 
mistiy. At that period chemistry escaped for ever from 
the trammels of sdchymy, and became the nfdiments of 
the science which we find at present* Becher (tistin- 
guished himself so highly by his chemjojil knowledge as 
to cause the names of all former theprumAo be forgotten, 
after having laid the foundation of m^ainus system of 
phlogiston* He died in the year 168^"^ ^* 

Soon after his desnh arose one of his pQd^^^riiose name 
was Stahl. He simplified and improveq^tt^mptrine of 
his master so much that he made it entirel^jini ^(^; and 
accordingly it has been known ever since Bj^^^ame of 
the Stahlean Theory. (See Appendix No. 6) He was 
the first who had a clear notion of chemical union, and 
gives many instances of double elective attractions* His 
writings have done him immortal honour, and ranked him 
amongst the first characters of the age in which he lived* 
He died in the year 1704. 

Ever since the death of these chemists chemistry has 
4)een cultivated with success. Men of eminence have 
appeared every where ; discoveries have been multiplied 
which led to numerous important facts* The names of 
Margraaf, Scheele, Bergman, Baume^ Rouelle, &c* will 
remain distinguished in the annals of chemical science* 

The spirit of chemical inquiry which these philosQphers 
had infused summoned on a sudden into action the facul- 
ties of the most learned men of Europe* Several of the 
invisible agents which form so important a part in the 
economy of nature, were discovered* Dr. Priestley dis- 
coveredy in 177Y, various aerial fluids, formerly totally 
unknown to chemists ; Dr. Black traced the laws of 
latent heat, and discovered the carbonic acid* The sci- 
ence of electricity was as it were created, the thunoer 
was taken from the clouds, and the properties of the at- 
mosphere were examined with accuracy. 

All these new discoveries embarrassed the votaries of 
the doctrine of Stahl ; and the conclusions to which they 
led were of such a nature as to puzzle and to contradict 
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many of the laws of the science* It was requisite to take 
but one. step further that the doctrine of phlogiston might 
be exploded for ever* This was left to Lavoisier. 

Lavoisier, endowed by nature with the most happy 
genius for science, and favoured by his own princely for- 
tune and the liberal bounty of the French government, 
instituted a series of ingenious and accurate experiments, 
the result of which proved to demonstration that the 
theory of phlogiston was founded in error. His experi- 
ments were repeated, under every diversity of circum- 
stances, by all the philosophers of Europe : his reason- 
ings and inferences were vigorously attacked by the de- 
fenders of the phlogistic theory; a kind of chemical war 
was thus kindled in the republic o& letters, which was 
carried on with great animosity ; and posterity will see 
with regret men of undoubted genius at times divesting 
themselves of the armour of truth and candour, and en- 
deavouring to serve their party and stab their adverse 
fellow-labourers with darts steeped in the poison of 
calumny and falsehood. These things have passed away : 
the contest has been productive of good effects, which 
infinitely surpass the bad ones : it has occasioned an accu- 
mulation of factsy produced a rigid examination of theo- 
ries and opiniofis, introduced accuracy in chemical ex- 
periments, And given that tone and vigour to the cultiva- 
tors of chemistry which have brought to light the most 
sublime and unlooked for truths. 

.The principles of Lavoisier have triumphed, and are 
now taught in all the schools of Europe : his opponents 
have become his disciples ; and thus he has erected the 
luminous and beautiful theory of chemistry which all the 
chemists of Europe have now adopted* What a pity 
that the sanguinary tyranny of Robespierre should not 
even have spared this man ! who perished on the 7th of 
May, 1794, under the axe of the guillotine. 

Thus chemistry is become an entirely new science. It 
is no longer confined to the laboratory of the arts : ^ it has 
extended its flight to the sublimest heights of philosophy, 
and pursues paths formerly regarded as impenetrable 
mysteries. Placed for ever in the elevated rank it now 
holds, rich with all its new conquests, it is become the 
science most adapted to the sublime speculations of philo- 
sophy, the most useful in .advancing all the operations of 
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the arts, and the most rational for scientific amusement. 
Exact in its process, sure in its results, varied in its ope- 
rations, without limits in its applications and its views, 
severe and geometrical in its reasoning, there is scarcely 
any human occupation which it does not enlighten, and 
upon the perfection of which it may not have &;reat influ- 
ence. It bestows enjoyment to every class of individu- 
als : and who would not be ambitious of becoming ac- 
quainted with a science which enlightens almost every 
species of human knowledge ? 

Amongst the number of philosophers who have since 
that time cultivated and enriched the new theory of che- 
mistry with discoveries which will for ever give imm6rr 
tality to their names, we have to notice Aikin, Allen, 
Babihgton, Bancroft, Beddoes, Blagden, Cavendish, Che- 
nevix, Chrichton, Cruikshank, Dalton, Davy, lord*Dun- 
donald, lord Dundas, Fordyce, Gamett, Hatchett, Henry, 
Higgins, Hope, Howard, Kirwan, bishop of Llandafi> 
Murray, Nicholson, Pearson, Pepys, Tenant, Tilloch, 
Thomson, Wedgwood, and WoUaston ; Achard, Arago, 
Biot, Crell, Gilbert, Gren, Goetling, Humboldf Hermb- 
staedt, Klaproth, Lowitz, Richter, Scherer, Tromsdorf, 
Westrumb, Wiegleb ; Berthollet, Chaptal, Fourcroy, La- 
grange> Guiton, Van Mons, Proust^ Sequin, Vauquelin, 
Gay Lusac, Thenard, &c. &c. 
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PART 11. 



SECT. I. 



THE material universe presents itself to an enlarg- 
ed human observation as an immense assemblage of sys- 
tems within systems, each complete in itself, yet con** 
nected, by numberless relations, with all around it; a 
larger still including a less, till all nature is, in this last 
grand result, comprehended in— one whole. 

The laws of this vast universe can be studied by us on- 
ly in its inferior subdivisions. We conceive of it as sub- 
divided into planetary systems. Comets are the only 
agents of combination among these systems with which 
we have any tolerable acquaintance. It is from the con- 
sideration of the appearances of that partictilaV system to 
which our earth belongs that all our science concerning 
the laws of material nature is derived. When we con- 
fine our views to t;he globe we inhabit, we discover a vast 
variety of substances which may well excite our curiosity 
and arrest our attention. We perceive our earth to be a 
solid globe, composed of an assemblage of substances 
considerably fixed, and not to be destroyed without a 
considerable force of impulse. We observe a large part 
of it covered with an*^cean, and numberless streams of 
cold liquid matter tending with great activity to inces- 
sant motion. 

Around this earth and water, to a great but unknown 
height, is circumfused an atmosphere of an impalpable 
gazeous fluid, intermingled with portions of eyery solid 
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or aqueous matter that by an elstreme comminution is 
capable of suspension in this aerial fluid. 

Different opinions have been formed concerning the 
question, in what manner our earth was brought into 
the present distribution of its parts* 

An origination of this globe out of a chaos was the 
general belief of the ancient?. Moses, in the beginning 
of the pentateuch, gives an account of a series of succes- 
sive changes, which he represents as the first which took 
place, from the moment at which matter was made subject 
to the laws it now obeys to that sera at which it was 
finally fit for the residence and support of animals, and 
had Uving inhabitants, brute and human, placed upon it* 

In modem times, different classes of speculatists have 
attemped to investigate the circumstances which must 
have attended the origin of it. 

Divines have endeavoured to justify the account of 
Moses, by an appeal to the present laws of nature : but 
Burnet and others have been easily convicted of supposing 
primaeval states of things utterly incompatible widi these 
laws. 

Chemists have conceived that the origin of the earth, 
in its present form, is from a general liquidity of its whole 
matter : others again have attributed it to the action of 
fire. 

Astronomers have been persuaded that it was owing 
to the action of some cornet^ or to an altered arrange- 
ment of the planets. 

Others have conceived the idea of a world perhaps 
without beginning, but by the action of internal fires, 
with volcanic orifices, continually lacerated, undermined, 
and subverted, with the constant rise of a new earthy the 
residue and product from those fires, by which the for- 
mer was demolished. 

Others, again have fancied a continual flitting of 
the ocean around the globe ; by which that which was 
lately land becomes now the bottom of the sea, and that 
which is now covered by the sea is again to become land. 

These fanciful opinions, to say nothing of the impious 
nature of some of them, have generally rather resembled 
philosophical dreams than the conceptions of waking and 
sober reason. Their authors, in forming them, have been 
too often guided by i magtnation more than j udgment ; and 
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hav« laboured rather to support a fiivourite h)rpothe8is 
than to consult the voice of authentic history, or patientl}- 
to examine the materials and structure of the fabric 
which they undertook to describe* It may 9 however, not 
be improper to take a brief review of some of the more 
conspicuous among the great number which, at different 
periods and in different parts of the world, have been re- 
ceived by philosophers. 



SECT. 11. 
THEORY OF BURNET. 

THE first theory of geology which deserves to be no- 
ticed is that of the Rev. Dr. Thomas Burnet.* This ce- 
lebrated theorist was a man of genius and taste ; and his 
work, if it do not command the assent of the philosophic 
mind, will be found to display much learning, and a very 
vigorous imagination. According to Dr. Burnet the 
earth was first a fluid heterogeneous mass. The heaviest 
parts descended and formed a solid body. The waters 
took their station round this body, and all lighter fluids 
rose above the water. Thus, between the coat of air 
and that of water a coat of oily matter was interposed. 
But as the air was then full of impurities, and contained 
great quantities of earthy particles, these gradually sub- 
sided and rested upon the stratum of oil, and composed a 
crust of earth mixed with oleaginous matter. This crust 
was the first inhabitable part of the earth ; and was level 
and uniform, without mountains, seas, or other inequdi- 
ties. In this state it remained about sixteen centuries, 
when the heat of the sun, gradually drying the crust, 
produced, at first, supierficial fissures or cracks ; but, in 
process of time, these fissures became deeper, and increas- 
ed so much, that at last they entirely penetrated the crust. 
Immediately the whole split in pieces, and fell into 
the abyss of waters which it had formerly surrounded. 
This wonderful event was the universal Deluge. These 

• Tellima Theoria Sacra. This work was first published in 1680 in 
the Latin language. It was afterwaixls translated by the author^ and 
published in two parts in 16S3 and 1690. 
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fnasstts of indurated eaifthy matter, in^AdUng imo tlie 
sdiyss, carried along with them vast quantities of air, by 
die force of which they dashed against each other, accu- 
mulated, and divided in so irregular a manner, that great 
cavities, filled with air, were left between them. The 
waters gradually opened passages into these cavities, and 
in proportion as the cavities were filled with waiter, parts 
of the crust began to discover themselves in ibe most 
elevated places. At last the waters appeared no where 
but in those extensive vallies which contained the ocean* 
Thus our ocean is a part of the ancient abyss ; the test of 
it remains in the internal cavities, with which .the sea has 
still a communication. Islands and rocks are .the small 
fragments, and continents the large masses, of the ante*- 
dtluvian crust : and as the rupture and faU of die mass 
were sudden and confused, the present surface" of the 
earth is full of corresponding confusion and irregularity.^ 

SECT. m. 

THEORY OF WOODWARD. 



THIS ^^ elegit ronumce" of Burnet was succeeded by 
the work of his coimtryman^ Mr. Woodward, who, in 
1695, published Essays towards a Natural History, of the 
Earthy and terrestrial bodies. 

Though he possessed much more knowledge of mi- 
nerals than his predecessor, and on this account had 
greatly the advantage of him, he produced a work far 
less ingenious and interesting. He also proceeded on the 
supposition of the Mosaic history being true^ and ascribed 
the present aspect of our globe to the influence of the^ 
general deluge. He supposed that all the substances of 
which the earth is composed were once in a state of so* 
tution ; that this solution took place at the flood; that on 
the gradual retiring of the waters the various substances 
held in solution, or suspended in them, subsided m*, 
distinct strata, according to their specific gravities ; and > 
that these are arranged horizontally, one over the other, 
like the coats of an onion. As this theory was soon found 

* Sullivan's View of Nature, v©l. i. J^etter j6. ^ 
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to ccmtradtct some of the plaineM and most unquestioiiable 
facts which geologists observed, it has had few admirers^ 
and its refutation has been usually considered as obviovn 
and easy. 



SECT. IV. 



THEORY OF WHISTON. 

IN 1696 Mr. William Whiston, a man of uncommon 
acuteness, and of still greater learning, published a New 
Theory, of the Earth, from its original to the consummation 
of all thmgs. He supposed the earth, in the beginning, 
to be an uninhabitable Cornet^ subject to such sdtemate 
extremes of heat and cold^ that its matter, being some- 
timies liquefied and sometimes frozen, was in the form of 
a cha^^ or an abyss surrounded with utter darkness* 
This chaos was the atmosphere of the comets composed 
of heterogeneous materials^ having its centre occimied 
with a globular, hot, solid nucleus, of about two thou- 
sand leagues diameter* Such was the condition of tlie 
earth before the period described by Moses at the time 
of creation. The first day of the creation every materisd 
in this rude mass began to be arranged according to its 
speci^d gravity. The heavy fluids sank down^ and left 
to the earthy, watery, and aerial substances, the supe- 
rior regions^ Round the solid nucleus is placed the 
heavy fluid, which descended first, and formed the great 
abyss, upon which the earth floats, as a cork upon quick-, 
silver. The great abyss is formed of two concentric 
circles ; the interior being the heavy fluid ; and the su- 
|)erior, water ; upon which last, the earth, or the crust 
we inhabit, is immediately formed. So that, according to 
this theorist, the globe is composed of a number of coats 
or shells, one within the other, of different materials, 
and of diflerent densities. The air, the lightest sub- 
•Vtance. of all, surrounds the outer coat; and the rays of 
the sun, making their way through the atmosphere, pro- 
duced the light which Moses tells us first obeyed the di- 
vine command. The hills and vallies are formed by 
the mass of which they consist pressing with, greater or 



\ 



Theories of'Ceology. 19 

■• 
less weight upon .the inner coat of the earth ; those parts 
which are heaviest sinking lowest into the subjacent fluid, 
and making vallie^, smd those which are li^^test rising 
higher and forming mountains. 

Such Mr. Whiston supposed to be the state of the globe 
we inhabit before the Deluge* Owing to the superior 
heat^ at that time, of the central parts, which have been 
ever since cooling, the earth was more fruitful and p^u- 
lous anterior to that event than since. The greater vigour 
of the genial principle was more friendly to animal and 
vegetable life* But as all the advantages of plenty and Ion* 
gevity which this circumstance produced were productive 
only of moral evil, it pleased God to testify his displea- 
sure against sin, by bringing a flood upon a guilty world* 
The flood was producedy as this theorist supposed, in the 
following manner* A Comet j descending in the plane of 
the ecliptic to its perihelion, made a near approach to 
the earth* The approximation of so large a body raised, 
such a strong tide, and produced such powerful com* 
motjon in the abyss concealed under the external crust, 
that the latter was broken, and the waters which had been 
before pent up, burst forth with great violence, and were 
the principal means of producing the deluge. * In aid of 
this, he had recourse to another supposition, which was, 
that th^ cpmet, while it passed so near the earth as 
to produce these effects by the force of attraction,'also in* 
' volved our globe |n its atmosphere and tail for a consi- 
derable time, and deposited vast quantities of vapours on 
its sur&ce, which produced violent and long-rcontinued 
rains ; and, finally, that this vast body of waters was re-^ 
moved by a mighty wind, which dried up a large portion, 
and forced the rest into the abyss from which it had 
be^n drawn, leaving only enough to form th^ o^ean and 
rivers which we now behold. 
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THEORY OF HUTCHINSON. 



AT an early period of the eighteenth century, the 
celebrated John Hutchinson formed a theory of the earth, 
which he pix>fessed to derive from Scripture.* He ,sup-- 
posed, that, when the earth was first created, the terres- 
trial matter was entirely dissolved in the aqueous, form- 
ing a thick, muddy, chaotic mass ; that the figure of this 
mass was spherical, and on the outside of this sphere lay 
a body of gross dark air ; that within the sphere of earth 
and water was an immense cavity, called by Moses the 
deep ; that this internal cavity was filled with air of a 
kind similar to that on the outside ; that on the creation 
of light the internal air received elasticity sufficient to 
force its way through the external covering ; that imme- 
diately on diis, the water descended, filled up the void* 
and left the earth in a form similar to that which it bears 
at present ; that when it pleased God to destroy mankind 
by a flood) he caused, by his own miraculous agencyf 
such a pressure of the atmosphere on the surface of the. 
earth, diat a large portion of it was forced into the inter- 
nal cavity which it had formerly occupied, and expelled 
the waters from it with great violence, spreading them 
over the smf ace ; that the shell of the earth was by this 
means utterly dissolved, and reduced to its original state 
of fluidity ; and that, after the divine purposes were an- 
swered by the deluge, the globe, by a process similar to 
that which at first took: place, was restored to the form 
which it now bears* 

^ * This theory was enlarged and commented upon by Mr. Ontcot, a 
follower of Hutchinson, who^ in 1768, published a volume on the 
subject. 
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THEORY OF MORO. 



IN ihe Tear 1740 the abbe Moro, of Italy, puUished 
a theory of Ae earth, which he chiefly derived from the 
works of Ray, of the preceding century. He supposed 
that the sur&ce of the earth, as we now behold it, and 
especially the mountainous parts, arose originally from 
the bottom of the ocean. At first, according to him, 
these mountains contained neither strata of shells nor any 
organized fossils ; but by means of subterranean confla- 
grations, earthquakes, and volcanoes, these substances 
were thrown up in confused heaps, after which they suc- 
cessively subsided according to their different specific 
gravities, and thereby necessarily disposed themselves in 
different strata. He also maintained that these subma- 
rine eruptions, while they threw up huge and irregular 
masses of matter, also ingulfed marine plants and animals 
of every kind, which subsided in like manner, and thus 
formed new mountains and new beds of stones, sand, 
metals, and other minerals, intermingled with the re- 
mains of vegetable and animal bodies, all which remain- 
ed under the sea till some new agitation threw them 
above its surface. He supposed that the waters by which 
^e earth was originally overflown subsided by degrees, 
the dry land first appearing in places adjacent to that 
where the first man and animals were placed at the crea- 
tion ; that the land extended itself gradually, aconsideiv 
able time elapsing before the waters had returned into 
their proper bed, during which time the shell-fish, multi« 
pljring in great abundance, were universally distributed 
by the waters of the sea ; and that when the bottom of 
the sea was raised up by the earthquakes that accompa- 
nied the dbluge, and formed the mountains, whole beds 
of such shells were thrown up, and distributed as we 
now behoM them. 
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SECT. vn. 

THEORY OF LE CAT. 

ABOUT the year 1/44 M. le Cat, a philosopher of 
France, proposed a theory of the earth differing from all 
which hsi^ preceded it. 

According to him, in the beginning, the substance 
whence metals, stones, earths, and other mineral bodies 
were to be formed, was a soft mass^ consisting of a kind 
of mud. . The earth was a globe, or regular spheroid, and 
its surface was uniform and free from hills and vallies. 
The sun and moon were afterwards created. The fluid 
which covered the mud became a^tated by the flux and 
reflux to which it was subjected by attraction^ and the 
mud was variously and violently moved. This agitation 
increasing^ part of the mud became exposed, and dried. 
Continents were thus formed. The materials of the earth 
being compact and solid, the sea continually excavated its 
bed ; and from the continual retreat of it, and the exca- 
vation of the earth, this globe is doomed to be at last so 
perfectly undermined as to produce a confluence of the 
sea from hemisphere to hemisphere. The earth becoming 
thus hollow, and its shell being gradually extenuated, will 
at length fall to pieces : a new chaos will be formed^ the 
fabric will be again revived, as at first ; and a periodical 
dissolution and renovation take place. Le Cat professed 
to believe the sacred Scriptures, and discovered an anxi- 
ous desire to ^how that his theory was consistent with 
them ; but the best judges among his contemporaries, an^ 
since that period, have pronounced it equally inconsistent 
with the structure and phenomena of our globej and with 
the Mosaic histor>% 
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SECT. vra. 



THEORY OF MAILLET. 



ABOUT the year 1750 appeared the Telliamed of M. 
Maillet, a French writer of some note. He taught, diat 
the eardi was once wholly covered with water, which, by 
means of strong currents^ raised in its bosom all those 
mountains which different countries bear on their sur- 
face ; that this water has been ever siifice gradually dimi- 
nishing, and will continue to diminish until it shall be 
quite absorbed ; that our globe, being then set on fire, 
will become a sun^ and have various planets revolving in 
its vortex, till its igneous particles being consumed, it 
will be extinguished ; that then it will roll through the 
immensity of space, without any regular motion, till it is 
again covered with watery particles, collected from other 
planets, when it will fix in the vortex of a new sun, and 
again go through the same course of motions and changes, 
being supplied with fresh inhabitants, resembling those 
by which it is tenanted at present; that the* earth has 
probably been undergoing revolutions of this kind from 
aU eternity^ and will continue to go through a succession 
of them without end. This atheistical and absurd 
Aeory, if it deserve the name, not more hostile to reve- 
lation than to all sound philosophy, seems to have gained 
but few adherents, and but little celebrity. 



SECT. IX. 



THEORY OF BUFFON. 



AFTER M. Maillet, his countryman, the count de 
Buffon, formed a new theory of the earth, which has 
been much celebrated, and, notwithstanding its incon- 
sistency with revelation, iind the visionary absurditier^ 
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which it involvies, has gained many advocates and ad- 
mirers. According to this ingenious theorist, a comet 
falling into the body of the sun with great force, struck 
from its surface a large mass of liquid fire. The comet 
communicated to this fragment, thus driven.off from the 
sun, a vicdent impulsive force, which it still retains. This 
fragment forms the globe we inhabit. It assumed its 
present figure when in a fluid state. As the heated mass 
gradually cooled, the vapours which surrounded it con* 
densed, fell down in the^form of water upon the surface, 
depositing at the same time a slimy substance, mixed 
. with sulphur and salts, part of which was carried by the 
waters into the perpendicular fissures of the strata, and 
produced metals ; the rest remaining on the surface, and 
giving rise to vegetable mouldy with more or less of ani*' 
mal and vegetable piarticles. Thus the interior parts of 
the ^obe were originally composed of vitrified matter, 
and they continue so at present* Above these were 
placed those bodies which the fire had reduced to the 
smallest particles, as sands, which are only portions of 
glass, and above these pumice stones, and the dross of 
melted matter, which gave rise to different clays. The 
whole was covered with water to the depth of five or six 
hundred feet. This water deposited a stratum of mud, 
mixed with all those materials which are capable of being 
sublimed or exhaled by fire, and the air was formed of 
the most subtile vapours, which, from their levity, rosC' 
above the waters. 

Such are the outlines of a theory bold and plausible, 
as might have been expected from the mind of its author, 
but unsubstantial and deceptive. Its manifest object is 
to exclude the agency of a Divine Architect5 and to re- 
present a world begun and perfected merely by the 
operation of natural imdesigning causes. That it cannot 
be reconciled with the sacred history, will appear evident 
on the slightest inspection ; and diat it involves the 
grossest philosophical absurdities has been clearly shown 
by succeeding geologists. 
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SECT. X 



THEORY OF RASPE. 



's^theoiy was warmly opposed, soon 
Raspe^ a geologist of Germany.* 
Iheory of Moro before mendoned, 
it as approaching much nearer the 
ous fable of the French naturalist, 
e opinion of continents and moua« 
;owh up from the bottom of the oceao, 
conflagrations and volcanoes, was 
close observation. He contended, 
sand, marble, chalk, and slate, 
tions of a^ burning soil, but ra- 
isposed by the agitation of the sea. 
intainedy that the strata, of which 
of the earth is composed, were ori- 
bottom of die sea, by the constant 
and the continual production of 
the subterraneous explosions and 
ugh the bottom of the sea, not 
s^ and submarine mountains, of 
t also frequently raised up such large 
d of the ocean, with its incumbent 
slands and dry mountains. At some 
d, the presence of so large a body of 
o break through the cavities made by 
and at other times the violence of the 
subterraneous exjilosions was so great as to remove moun* 
tains from one place to another ; while the heat of the 
internal fires causing these explosions was so intense as to 
melt, calcine, or vitrify^ all adjacent substances. 
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* Specimen Bistoria JSTafuraUs GloH Terraqusti.-^-^Mtons Radolpfao 
Brico RaBpe. Svo. XiOipsic, 1763. 
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SECT. XI. 



• THEORY OF WORTHINGTON. 



IN irrs, Dr. William Woithington published a 
theory,* in which great learning stndpfiety, and a consi- 
derable share of ingenuity, are cCTinined. ' He main- 
tained that the earth, in its primitivejstate, was plain and 
unrform : and that sdl mountains, agp every thing irre- 
gular and rugged in the surface om^, are the result of 
the cutse pronounced on the groun^^ter. lltt fall ; that 
the melancholy lapse of our first pat^Kw^s immediate- 
ly followed by earthquakes, and ev^ry species of convul- 
sion, which produced these dreadiul «ffect8^ the sur- 
face of our earth; that the antfediliwian' ,earth greatly 
abounded with water, much more ijl^jLt present, and 
diat the greatest quantity of it was C^ected about the 
poles ; that at first the poles of the ea/th were erect, land 
at right angles with the plane of th^^quator; that the 
centre of the earth was then the cQiitre of gravity ; that 
the deluge was produced by the cent#e of gravity beings 
removed twenty-three degrees, and a'iialf nearer to one 
of the poles, which led to a corresppilding deviation of 
the poles from their former position^ahd thus threw the 
great body of water accumulated round flxem on those 
parts of the earth where little had existed before, and by 
these means drowned them. This* evbnt he supposed, 
increased the irregularity of the earth's iurface, and pro- 
duced many of those phenomena, whien so plainly esta- 
blish the reality of the general delugew 

* Scnpture Theory of the Earthy 8to. 1773. 
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SECT. XO. 



THEORY OF WHITEHURST. 



ANOTHER British theorist, of still more celebrated 
name, published a new system of geology in 1778. This 
was Mr. Whitehurst, a gentleman of respectable talents 
and information, and whose theory has attracted consider- 
able attention.* Mr. Whitehurst supposes, that not onty" 
this globe, but the whole of the planetary system^ was 
once in a state ff fluidity, and that the earth acquired its 
oblate spheroidical form by revolving round its a^is in 
that state. In this fluid state, the component parts of the 
earth were suspended in one general tmdiviaed mass, 
** without form and void.'- These parts* were endued 
with a variety of principles or laws of elective attraction, 
though equally and universally governed by the same 
law of gravitation. They were heterogeneous ; and by 
their attraction progressively formed a habitable world* 
As the component parts of the chaos successively sepa- 
rated, die sea universally prevailed over the earth ; and 
this would have continued to be the case had it not been 
for the sun and moon^ which were coeval with the earth, 
and by their attractive influence interfered with the 
regular subsiding of the solid matter, which was going 
on* As the separation of the solids and fluids increased, 
the former were, moved from place to place, without re- 
gularity; afid hence the sea became unequally deep. 
These inequalities daily becoming greater, in process of 
time dry land was formed, and divided the sea ; islands 
gradually appeared^ like sand-banks above the water, and 
at lengili became firm, dry and fit for the reception of 
the animal and vegetable kmgdoms.. He supposed that 
mountains and continents were not primary productions 
of nature, but of a very distant period from the creation ; 
that they are the effects of subterranean £res and commo- 

* An Inquiry into the Original State and Formation of the Earth, &c. 
y>y John Whitehurst, F. R. S. 1778. 
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do])3y and were produced when the strata of the earth 
had acquired their greatest degree of firmness and cohe- 
sion, and when the testaceous matter had assumed a 
stony- hardness. And, finally^ that the marine shells 
fou^d in various places, on and below the surface of. the 
earth, were for the most part generated, lived and died, 
in the places in which they are found ; that they were not 
brought from distant regions, as some have supposed ; 
and consequently, that these beds of shells, &c. were ori- 
ginally the bottom of the ocean* 



SECT. xni. 



THEORY OF DE LU(f. 



TWO or three years after the appearance of Mr. 
Whitehutst's publication, M. de Luc, of Geneva^ dissa- 
tisfied with all the numerous theories which had been 
proposed, offered another, which has occupied consider- 
able attention in the scientific world.*^ He supposes that 
the ocean once covered our continents ; that the bottom 
of the old ocean was full of mountains^ which neither 
the waters, nor anv other cause known to us, formed, 
and which he therefore calls primordial* '^These mountains 
rose above the surface of the waters, and formed islands. 
These islands, and the ancient continents, were fruitful 
and well peopled '^ and the ancient sea had tides, currents^ 
and tempests, as the present ocean. These powers acting 
upon the soft matters which are known to have formed 
the bottom of the ancient ocean, produced accumulations 
of calcareous substances, which, in process of time, 
became more or less mixed with marine bodies. The 
rivers, in die mean while carried from the land into the 
sea scattered remains of animal and vegetable productions ; 
the sea itself washed them from its coasts into its bosom ; 
and these materials, transported by currents, became a 

* Zettres Phxftiqueret Morales 9ur PtRettdre de la Terre et deVBom- 
we, &c. by J. A. de Luc, 8vo. 5 torn. 1780. Thia theory, as to its princi- 
pal outlines, was first suggested by Mr. Edward King \ but was after- 
wards much extended and improved by M. de liuc. 
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secondary soil upon its primordial bottom* Fires and 
elastic fiuidd, formed by fermentations, made various 
openings in the bottom of die ocean, whence proceeded 
torrents of liquid substances and' lava; which gave rise 
to Ae volcanic mountains observable on the surface of 
our continents. The continents which existed in a state 
of population and fertilitj^ while the sea covered those 
which we now inhabit, though they did not form a solid 
mass, but were, properly speaking, vaults, which covered 
immense caverns, maintained their elevation above the 
level of the ocean by the strength of their pillars ; which 
being of primordial matter, were solid and stable : but 
the changes which the subterranean fires produced at the 
bottom of the ancient sea 'opened passages for its waters 
into the interior of ijie earth ; the fermentation produced 
by this eruption shook the pillars of the primitive earth ; 
which sinking into its caverns, the old continents disap- 
peared, and ^eir surface descending below the level of 
the waters, a general inundation ensued* This was the 
general deluge : the sea now covered all the globe, ex- 
cept the islands of its ancient bottom; which increased 
in number and magnitude, until the weight of the water 
added to that of the superior vaults, crushed the inferior 
ones, and deepened more and more the new bed of the 
ocean ; so that, at last, by a motion rapid, but not vio- 
lent, all the waters retired from their former bed, and left 
our continents dry* Secondary mountains, and other 
in'egtdarities, were afterwards formed by volcanic com- 
motions and maritime currents and convulsions. 

This learned theorist professes a firm belief in revela- 
tion; and insists that all the principal lines in the Mosaic 
history ^re confirmed, and none ol them contradicted, by 
the most attentive survey of the globe. It may well 
be questioned, however, whether some parts of his theory 
can be reconciled with the sacred records ; and they are 
precisely those parts which it is most difficult to recon- 
cile with reason and sound philosophy. 
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SECT. rxsf. 



THEORY OF MILNE. 



NEXT to the theory of M. de Luc appesits that of 
Mr. Milne ; which, though less celebrated, is by no means 
unworthy of notice.* This gentleman declares himself a 
warm fri'end to revelation, and professes to have formed' 
a system in strict conformity with the sacred history. In 
some respects he agrees with Mr. Whitehurst ) in others 
he adopts the opinions of M. de Luc; while, with regard 
to a third class of his doctrines, he claims to be original : 
, he supposes that the earth, immediately after the fall, and 
in consequence of the divine curse pronounced against it, 
underwent a total change, by means of the elementary 
£re lodged at that time near its centre ; and that hence 
arose the irregularities which now appear in the eartfi's 
surface. 



SECT. XV. 



THEORY OF DR. HUTTON. 



THE theqry of Milne was followed by that of Dr. 
James Hutton, of Edinburgh, which has been much 
more distinguished, and excited incomparably more at- 
tention. Dr. Hutton thinks,f that aU our rocks and 
strata have been formed by subsidence under the waters 
of a former ocean, from the decay of a former earth, 
carried down to the sea by land floods ; that the strata at 

* A Course of Physico-The<jfogical Lectures on the State oftbe World, 
from the Creation to the Deluge, by Robert Milne, A. M. octavo, 1786. 

f Theory of the Earth ; or, an Investigation of the Laws observable 
in the Composition, Dissolution, and Restoration of Land upon the 
Earth, by James Hutton, M. D. F. R. S. E. This Memoir is contained in 
• the Transactions of the Royal Society of Edinburgh, vol. i. 
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the bottom of the ocean were brought into finion- by- 
subterraneous fires, and consolidated by subsequent conr 
gelation ; that these strata were forced up, and mado to 
form islands and continents by similar agency ; that the 
shells and other exuviae of animals, gradually collected 
and incorporated with these strata, make about a fourth 
part of our solid ground ; and that the foregoing ofie- 
ratiohs, viz^ the waste of old land» the formation of new 
under the ocean, and the elevation of the strata n#w 
forming there into future dry land, are a progressive work 
of nature, which always did, and always will go on, 
forming world after world in perpetual succession. Con- 
sequently, according to this dieory, the continents which 
we now inhabit must, in process of time, be worn awayi 
and destroyed, and others be forced up to supply theiv 
place. The length of time to be allowed for this suc- 
cessive destruction and reproduction. Dr. Hutton sup- 
poses to be far greater than is generally imagined. His 
system, therefore^ is to be arranged, of course, among 
those which are hostile to the sacred history ; and the , 
best judges have pronounced it equally hostile to tht 
principles of probability, to the results of the ablest ob- 
servations on the mineral kingdom, and to the dictates of 
rational philosophy* (See Appendix No. 2.) 

It has been suggested, that tnis doctrine of the igniform 
origin of our globe appears to be drawn from the theory 
of M. Buffon, with the difference of perpetually reno- 
vating powers, having no determinate commencement, 
instead of a once slowly forming and now gradually de- 
Ca3ring principle. Dr. Hutton^ indeed* does not attribute 
the fij^ion of terrestrial substances to the state in which 
this planet issued from the sun, but to subterraneous fires 
and furnaces, coeval with it, and still existing undimin- 
ished.* 

r 

* Howard's Thni^hU m the GloBey &c. 
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THEORY OF WILLIAMS- 



IN 1790 appeared a new theory of the earth, by Mr. 
John Williams, a mineralogist, of respectable character, 
which, though it has not acquired much celebrity, is en- 
titled to a transient notice in the present sketch*^ 

Mr. Williams supposes, that the superficial parts of the 
earth were originally mixed with water into a fluid or 
' chaotic mass. All the regular strata were formed by the 
flow of the tides successively spreading out the deposited 
matters on a large horizontal plane. TTie granites and 
o^her stones, which he does not consider as stratified, 
subsided when the water was in some degree of rest, as at 
the highest of the tides, or where local obstructions pro- 
duced stagnation. When the whole surface was in a fluid 
state, the tides, necessarily rose to a prodigious height, 
several miles higher than the tops of any of our moun- 
tains. The mountains of granite, which are uniform, 
throughout, must have subsided in one tide. The tides 
were highest, and had their resting places on the two 
opposite parts of the globe, which are now the continents ; 
and their direction, on different parts of the globe, was 
such as we now find that of the strata to be. 'He main- 
tained, further, that the interior body of the earth was 
formed in the same manner, prior to the superficial parts. 
From various causes, it was full of inequalities : it con- 
tained much water both in the composition of the not yet 
jfonsolidated strata and in separate cavities; so that when 
the superficial strata were laid between the tides, and the 
ocean began to retreat into its present bed, the weight of 
these superincumbent strata forced out the water imprison- 
ed below them : these strata themselves, as yet soft and flex- 
ible, were, in many cases, bent and broken : cracks were 
occasioned by their contraction in drying ; which cracks 

• JStaturaX History of the Mmral ISn^dom, &c. by John Williams, 
2 vols. 8vo. 1790. 
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were increased by the inclination of the strata in different 
ways^ and were widest at the top ; and the whole solid 
matter diminishing in bulk, as it became dry, high tides 
still overflowed it, and poured extraneous stony matter 
into the fissures. On these principles he explains all the 
declivities, ruptures, interruptions, and irregularities, 
which we now behold* The larger grains and fragments 
found in the composition of our rocks, and all those 
bodies which are of a similar structure, and not crystal- 
lized, were once in distinct strata, though not now to be 
found in that state. This he considers as one of the 
many evidences which our earth every where affords of 
the general deluge. By the high tides and violent agi- 
tation of the diluvian waters, the primitive strata, which 
had never before felt any rain^ were loosened, torn 
asunder, and ground down by attrition against each 
other, and all the superficial parts of the earth reduced 
again to a chaos. When the waters began to abate, the 
larger stony particles and fragments subsided first, and 
formed the compound rocks and beds of sand ; and the 
finer- and lighter sediment was spread, by the tides, into 
strata of different consistency* 

SECT. XVH. 
THEORY OF DELAMETHERIE. 

THE next theory entided to notice is that of M. 
Delametherie, of France, which has been; of late, very 
fashionable in that country, and produced considerable 
discussion.''*' He supposes diat, the dilLtemal crust of our 
globe was formed in the bosom of the waters^ from 
which it emerged in a state not very different from its 
present appearance. The crust, after its formation, un- 
derwent a variety of small alterations, from local causes. 
The waters surpassed the highest mountainf : in other 
words, they were at least three thousand tqises above 
their present level. All mountains, vallies^ and plains, 

* Theorie de la Terre, 8vo. 5 torn. Paris, 1797. This large work em- 
braces much extraneous matter. The fourth aaft fiftk. volumes contain 
the author's theorj'. 
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were formed by crystallization amidst the xiratets* llie 
materials which formed them were truly dbsolved ; but 
as they would reifuire much more water for solution thaa 
is now to be found, it is evident that most of the waten 
of the primitive seas have disappeared. He thinks^ that 
these have chiefly retreated into the bowels of liie earth : 
that cavities were formed there at the time of the crys* 
talli^tion of the globe, which were at first filled with 
elastic fluids ; but the water afterwards finding its way 
into them, became lodged there : that some caverns have 
been formed by subterraneous fires, but that the most 
powerful cause .of them has been the refrigeration of our 
globe ; and that, though the surface of the earth has 
been brought to its present state by the action of water, 
it may, at the first moment of its formation, have under- 
gone a very great degree of heat, as happens to a comet 
passing near the sun. 

In the formation of this theory, M. Delametherie dis- 
covered considerable ingenuity and great learning* He 
can scarcely, however, be called an original writer : 
Voigt had held the doctrine of the aqueous crystaUiza-^ 
tion of strata before him ; and, indeed, the greater part of 
his system is made up of parts collected from different 
theorists. This is generally considered as one of those 
theories which are hostile to revelation* 



SECT, xvin. 



THEORY OF HOWARD, 

OF a very different character is the theory of Mr. 
Howard, who about the same time published his opinions 
on this subject.* This gentleman is a firm believer in 
revelation, and his theory is intended to be perfectly 
consistent with the sacred history. 

He supjibses that the elements of all material sub- 
stances were originally in a confused mass, called the 
abyss, without motion or animation; arid that the present 

* Thouffhta on the atmcture of the Globe ^ and the scriptural ffietory of 
' the Earth, and ofMonkiiii^ &c, by Philip Howml> Esq. 4to. Ix)ndon> 
1797. 
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Older of things was gradually, and at dWereat ioter^ak, 
drawn from it, by means of laws impressed by the power 
of the Creator.' The earth, of which we now behold the 
ruins, was originally constructed with its poles perpen«» 
dicular to the equator ; the centre of gravity was the cen- 
tre of the globe ; and the year consisted of three hundred 
and sixty days. At that time, the irregularities of the 
earth's surface being less considerable, and the distribu^ 
tion of land and sea being more equal, the atmosphere 
was moce temperate and salubrious, and, of course, the 
life of man was prolonged greatly beyond its present li- 
mits* The termination of this ^^ golden age" noght 
have been effected by the proximity of a Comet condens« 
ing the vapours of the atmosphere and attracting the sub- 
terraneous waters, which, bursting through the exterior 
surface, precipitated indiscriminate portions of the prim- 
itive earth into the cavities below. The more perfect 
consolidation of the globe in the southern hemisphere 
changed the centre of gravity, which produced a propor- 
tionate de virion from the plane of the equator. The 
ocean did not, at once^ however, sink to its present level. 
The posterior accession of waters' from seas hitherto in- 
land may have crushed down other inferior vaults, and 
finally settled its lowest degradations. As the land be- 
came thus elevated above the bed of the ocean, the cold 
became more intense, the vicissitudes of climate were 
jnore severely felt, and the life of man su£Pered a pro- 
portionate abbreviation^ 



SECT. XIX. 

THEORY OF BERTRAND. 

MR. Howard was succeeded by M. P. Bertrand, of 
France, who next proposed a theory, much less philoso-* 
phical, and in every respect unworthy of a sober mind.* 
This theory though exhibited and defended with some 
talents, may be considered as the most wild, and as in- 
volving the most palpable opposition to every received 

• J^frnvemtx Principes de Geoloene, par P. Bertrand, &c. Sro. Paris, 
1798. 
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princit^e, that hts yet been presented to the public. In- 
deed, its unreasonableness and extravagance are so great, 
4iat it seems to have attracted but little respectful atten- 
tion among any class of philosophers. 



SECT. XX. 



THEORY OF KIRWAST. 



THE last petson^o be mentioned, as having adventur- 
ed in this ample field of speculation and inquiry, is Mn 
Kirwan. This gentleman with that learning which has 
enabled him to prosecute his numerous investigations in 
so enlightened a manner, with that judgment and pene- 
tration which render his inquiries so valuable, and with 
that spirit of patient and accurate observation which is 
so indispensably necessary to a successful devdopment 
of this subject, has framed a theory of the earth, which 
is perhaps the most rational and probable extant.* 

Mr. Kirwan believes that the superficial parts of the 
globe were originally in a soft liquid state, proceeding 
from solution in water heated at least to 33®, and possibly 
inuch higher : that this menstruum held in solution sdl 
the different earths ; the metallic, the semimetallic, the 
saline, and the inflammable substances : that in this fluid 
its solid contents coalesced and crystallized, according to 
the laws of elective attraction ; that these were deposited 
in strata according to the predominant proportion of the 
ingredients : that by this crystallization of these immense 
masses a prodigious quantity of heat must have been 
generated, and increased by the decomposition of the 
water intercepted in the precipitated ferruginous particles, 
and by the disengagement of inflammable air, even to 
Incandescence ; the oxygen uniting with the inflammable 
air, and bursting into flame ; that this stupendous confla- 
gration must have rent and split to an unknown extent 
the solid basis on which the chaotic fluid rested : that 
from the heated chaotic fluid must have been extricated 
the oxygen and azotic airs, which gradually formed the 

* Geological Eaoays, by Richard Kirwan, Esq. F, R. S. &c. 8vo. 1799 
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atmosphere : that from the union of oxygen with igni£d 
carbon proceeded the carbonic acid^ t^e abpotption of 
which^ as the chaotic fluid coofed occ^ioned the crys- 
tallization and deposition of ca/ctfr^0U9e(7rf A. Mr. Kjirwan 
also. believes, that the immense masses thus crystallized 
and deposited formed the primitive mountains ; that the 
formation of plains took place from the subsequent depo-^ 
sition of matters less disposed to cr|rstallize in the inter- 
vals of distant mountains ; that the level of the ocean gra- 
dually subsided, leaving large and elevated tracts of land 
uncovered ; that the creation of fishes was subsequent to 
the emersion of the lax^d ; that after this retreat of the sea, 
the earth soon became covered with vegetables and peo* 
pled with animals, being in every respect fitted to re- 
ceive them ; that the gradual retreat of the waters conti]\u- 
ed until a few centuries before the general deluge ; tlkt 
this event was occasioned by a miracuV>u^ effusion of wa- 
ter both from the clouds and from the great abyss — ^the lat- 
ter originating in and proceeding from the great southern 
oceah below the equator, and thence rushing on to the 
northern hemisphere, spreading over the arctic region, 
and descending again southward ; that during this elemen- 
tal conflict, the carbonaceous and Utuminous matter ran 
into masses no longer suspensible in water, and formed 
strata of coal; and that other substances, by thet:ombina- 
tion or decomposition of their i-espective materials, 
formed various other kinds of mineral bodies, as BaAiltic 
masses^ calcedoniesj spars^ &fc« 

That the inequality of declivity exhibited by the sides 
or flanks of mountains, in every par^ofthe globe, had any 
regard to the points of the compcf^Sy seems to have been 
first remarked by the celebrated Swedish geologist, Tilas.f 

He supposes that this fact is connected with the ori- 
ginal structure of our globe ; that it proves thattnoun- 
tains are not mere fortuitous eruptions (as some, within a 
few years past, have confidently advanced) and that it fur- 
nishes a powerful argument in favour of the Mosaic ac- 
count of the creation, deluge, &c.f • • 

But, although there has been in modern times (as'ap- 
pears from the foregoing pages) a wonderful variety of 

» See Memoirs of Stockholm for 1760. 

f See Transactions of the Eoyal Irish Academy, VfA. viL 
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fanciful productions, under the name of geological the* 
ories, we ace hy no means to imagine that nothing has been 
usefully done in this department of natural history. 
Amidst all the splendid rubbish with which it has been 
incumbered, some precious treasures have been brought 
to light. Amidst llie speculations which have darkened 
, counsel^ large additions have been made to our knowledge 
of this important su^ect. These may be briefly summed 
up in the following particulars. 

The materials for the formation of a correct and ra- 
tional theory of the earth have been greatly augmented 
during the last age. Enlightened mineralogists, practical 
miners, and patient chemical experimenters, have been 
engaged, throughout the century, in making accurate ob- 
servations,; in visitihg foreign countries ; in exploring the 
bowels of the earth ; in comparing the strata of every por- 
tion of the globic ; in examining their form, direction, ex- 
tension, and connexion ; in analyzing their component 
parts ; and in collecting a multitude of fiacts, which have 
all tended to throw light on the origin and history of our 
planet. By means of the useful discoveries which these 
inquiries have made, we are furnished with weapons for 
beating down false theories, and with information en- 
abling us to pulque our investigations further, and with 
more advantage. 

Difficulties have been lately removed which were once 
supf)osed, by some, to militate strongly against the^ossi- 
bility of a general Deluge. Early geologists, for want of 
accurate information, supposed that all the waters of the 
globe were not suTfioient to cover the whole earth to such 
a depth as the sacred historian describes. It was assert- 
ed that the mean depth of the ocean, did not exceed a 
quarter of a mile, and that only half of the surface of the 
globe %as covered by it. On these data Dr. Keil com- 
puted, that txventy-eight oceans would be requisite to co- 
ver the whole earth to the height of four miles ^ which 
he judged to be that of the highest mountains ; a quan- 
tity, which, at that time, w^as utterly denied to exist. But 
further progress in mathematical and physical knowledge 
has since shown, that the different seas and oceans contain 
at Itsistforty-eight times as much water as they were sup- 
posed to do, and much more than enough for the extent 
ascribed to the deluge in the sacred history.* 
* Kirwan's Geological Essays, pp. 66, 67- 
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While difficulties which were supposed to render the 
deluge impossible have been removed by the investigations 
of modem philosophers, many facts have been, at the 
same time, brought to light, showing the probabilkf/^ and 
even certainty^ of that mighty inundation. In every gal- 
ley and mountain, support for revelation has been found. 
(See Appendix No. 3.) Marine shells have been disqov- 
ered in situations so elevated, and under circumstances so 
remarkable, as to prove that they were left there by a 
flood extending over the whc^e globe ; and what confinns 
this conclusion is, that dieUs peculiar to diflferent shores 
and climates very distant from each other have been 
foimd in promiscuous heaps, plainly showing that they 
could have been brought together only by an extensive 
inundation. The bones of elephants and of rhinoceroses 
have been found, in a multitude of instances, far distant 
from the regions in which they are found to live, and 
where, from the nature of the climate, they could never 
exist in the living state : and between the climates which 
they might have inhabited, and the places, in which they 
are now found, too many mountains intervene to suppose 
them carried thither by any other means than a general 
deluge.^ The most patient and accurate examinations 
of detached mineral substances, and of the strata of the 
globe, which late inquirers have made, afford every rea- 
son t<^ believe that the earth was for a considerable time 
wholly overflowed with water. And, to crowu all, as 
voyagers and travellers have explored new regions of the 
earth, they have found, every where, the indications of 
geological phenomena confirmed and supported by the 
notices of tradition. Accordingly, it is very remarkable 
that a great majority of modem theorists have embraced^ 
the Neptufiian doctrines ; and even such of them as re- 
jected the Mosaic account of the deluge have been com- 
pelled to seek for other means of immerging the present 
continents in the ocean. 

Finally, the researches of modem geologists have given . 
abundant confirmation to the sacred history, not oidy 
with respect to the general deluge^ but also with regard • 
to the age of the earth. 

* Khrwan's Geological Essays, p. 54, et.seq. 
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THE natural division of this globe of ours is into sea 
and land ; about three-fourths of it being occupied by 
water, although probably no where to a depth compara- 
tively very considerable. The remaining fourth consists 
^x^andy elevated more or less above the level of the sea, 
interspersed in some parts with small collections of water, 
at various heights, and, in a few instances^ somewhat 
lower than the surface of the main ocean. 

The internal constitution of the earth is little known. 
The deepest excavations that have been made by human 
art do not exceed 2400 feet, or less than half a mile ; 
which is a very short distance indeed when compared 
with the diameter of the earth, which is about 7947 
English miles : so that whatever lies below that depth is 
to us utterly unknown. The substances which have been 
extracted from those excavations are not in general of a 
nature different from those which in some **particular 
places have been found immediately upon the surface. 
These substances are in general arranged in strata, vari- 
ously inclined to the horizon, and of a thickness not very 
*equal. Some indeed have supposed that they follow each 
other, in a certain order, almost throughout the globe ; 
but this opinion appears to rest on slight foundations. 

Th^ mean density of the earth, deduced from the obT 
seryations made by Dr. M askelyne on the sides of Sche- 
Iwllien, an insulated mountain in Perthshire, is 4-J, rec- 
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koning. water, as usual, the standard of comparison* Mr« 
Caven4ish has lately assigned a greater quantity^ or aboq^t 
5^9 from a very elegaot expecimetit on the principle of 
torsion, which Coulomb employed so successfully in a va- 
riety of dfclicate researches. Perhaps the true proportion 
would be found to lie between these limits. The observa- 
4i<ms of Dr. Maskelyn^, however skilfully conducted 
by that eminent astronomer, were performed under the 

. most unfavourable circumstances, in a foggy climate, and 
a rainy season* And Mr. Cavendish's experiment was 
n9t perhaps nuide on a scale sufficient to afford very great 
precision. ,Nor is it at all improbable, that the apparent 
force of attraction was in some degree augmented by a 
slight infu^on of magnetic virtue ; for the masses of lend 
which discovered their mutual appetency might yet con- 
tain a certain admixture of iron, in a state of such in- 
timate /combination as to resist the action of chemical 
solvents* 

We are disponed to think that, instead of selecting a 
conical hill with a view to ascertain the deviation of die 
plumet, it would be more eligible to place the observer 
successively on the opposite sides of a narrow vale^ 
bounded by two ranges of lofty mountains which run 
from east to west. Those stations would be very com- 
modious for determining the altitude of a star, and their 
true distance could be found trigonoihetrically with the 
utmost exactness. The mountains themselves ];night be 
surveyed by considering them as composed of a number 
of parallel and vertical slices^ formed by planes,* in the di« 
j^ction of the meridian. The best scene that I am ac- 
quainted with for attempting these operations is in the Up* 
per Valais, where the Rhone holds a westerly course ; and 
the enonnous Alps, in a double chain, having more than 
a mile of perpendicular height, approach at their lower 
flanks perhaps within two or three miles. 

The surface of the earthy as well sea as land^ is occu- 
pied by innumerable individuals, constituting an immense 
variety, of distinct species' of animated and inanimated 
beings, comprehended in three grand divisions of na- 
tural bodies, which have been emphatically called the.' 

'three ^ihgdqm of nature, vjz^the^io^raU -the vegetaWe, ' 
and th^ animal killg^m.'* . This' division is no doubt oi 
great advantage in die methods 'of natu^a^ history ; but 
VOL. I. - ^ d "* ^ 
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|f W€ C(»¥iider this branch of knowledge with a chemical 
eye; we must observe that this division has the inconve- 
nience of not including a variety of bodies^ which, by 
their mass, and by their vast influence, act a very impor-* 
tant part in the operations of nature, viz. light, caloric, 
the air of the atmosphere. The above grand divisions may 
nevertheless be followed by the chemist with advantage* 

The mineral kingdom consists of such substances as are 
composed of particle^ united, either without any regular 
form, or by accretion only. 

Vegetabks are all those organized bodies which deriive 
dieir existence, by seeds or otherwise, from a parent 
pijock. They grow by an enlargement of parts, have a cer- 
tain period of life or existence, and are attached to a parti- 
cular part of the soil, from which they derive the greatest 
part of their nourishment by superficial absorption only. 

Animals are all those self-moving, organized bodies, of 
which the human being forms one species. They^receivc ' 
their food in an internal cavity, constituting a stomach. 

Minerals have growth only, but not always ; vegetables 
grow and live also ; but animals have sensation, as , well as 
life and increase of magnitude. (See Appendix No. 4.) 

Mineralogy is so nearly allied to chemistry, that it can- 
not well be understood without a previous knowledge of 
that science. Vegetables present a spectacle very inte- 
resting by its variety, and by its elegance ; but the philor 
sophy of vegetation appears to be little diversified, and 
less understood. Some slight difference in the apparatus, 
by which the fruits and seeds are prepared for multi- 
plying the individuals of each species, have formed the 
basis of the very excellent artificial system of Linnaeus. 
But the class cryptogamia is separated by a more natural 
distinction^ the preparation of the seed being less con- 
spicuous, and in some cases scarcely intelligible, though 
in others an analogy with more perfect vegetables is 
perceptible ; yet oii the whole the class appears, to form 
one of thie cpnne^ting links between the three kingdoms* 
The herbs, palnqis, shrubs, and trees, which constitute ,the 
numerous genera of flowering vegetables, exhibit the 
greatest diversity in the forms a»d dispositions of the ©r- 
-^ns oi fructification* '^ Aiid spme of them indicate, upon , 
particular irritation, a sensibilify which seems'-'to imitate 
tl)^ niuiscular n^otioifB of animals. In. g^neral^ every ve-^ 
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getable may be cofi9idered -as a coiigetieA -^^f ve^selsy in 
which> by some unknown means the aqueous Quids, im« 
bibed by the roots, are subjected to 'peculiar cbeiiy<^.^o- 
^tions, and exposed in the leaves to ^the infiiMnoe of the 
light and air, so as to be rendered fit fpr becoming consti- 
tuent parts of the plant, or of the peculiar aftibstances con- 
tained in its various parts. 

' A considerable portion of the bulk of all animals is also 
composed of tubular vessels, which origmate in a heart, 
propM^ing through the arterieb, which also co-operate 
with it, either a colourless transparent fluid; orared blood, 
into the extFemities of xhe veitis^ through which it agam^ 
' returns to the origin of its motkni* Insects, andvthe 
vei-mes, or worms, have colourless juices, liltle« warmer 
than the surrounding medium ; but insects have legs fur- 
nished with joints, and worms at most have nolhitig but 
sknple tentacula in the place of legs. Fishes have^^^cold 
red blood, which is exposed to the influence of tl^ air 
dissolved in water, by means of thek gills* The amphibia 
receive the air into dieir lungs, but their blood » like that 
<rf fishes ; and in both classes the heart has only two ca- 
vities, while that of animals with warm blood has four. 
Of these, the oviparous are birds, and are gener^liy co- 
vered with feathers ; the viviparous are either quadru^ 
peds or cetaeeous animals, and are furnished with organs 
for sucUing their ydung. 

l%e }mQre perfect animals are informed Qf the qualities 
of eaefeemal objects by the senses of touch, taste, smell, 
hearing, and vision. A few quadrupeds are incapable of 
seeing. Insects appear to want the organs of smell ; but 
it is not impossible that their antennse ihay answei^ tjie 
purpose of hearing : in' a particular stage of their eftist- 
etice, most oi their senses appear to be inactive. Many* 
of the vermes are totally destitute of sight, and some of 
all the organs of sense. 

The food, when received by the mouth, is subjected, 
in the more perfect animals, to mastication^ and then en*^ 
ters the stomach ; but in rximinating cattle it is first lodg- 
ed in a peculiar receptacle, and more completely masti^ 
eated at leisure. In the stomachy it undergoes digestion, 
and being mixed with the bile and other juices, becomes 
fit for the separation of the chyle by the absorbents of the 
intestines. The chyle is thrown into the veins, and passes 
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d^-migb the. liemit with the blood ittto die limgs, to be 
there mixed with it, and perhaps to be animalized ; while 
the blood receives horn, the air a supply of oxygen, send 
emits ^ome* superfluous carbonic matter. Returning to 
the heart, the Uood is distributed thence to every part 
of the system, supplying nourishment dm>ughout, while 
the^landf^ and arteries secrete from it such fluids as are 
become redundant, tod such as are required for particu- 
lar purposes. In these processes, heat is probably evcdnr-^ 
ed» The mu^les are furnished by the blood with astore: 
of the ujoknoWn principle by which they are rendered ca- 
pable of contracting, for locomotion or for other purpo- 
ses,^ in obedience to the influence of the mind, transmit?^ 
ted by thte nerves ; and the brain and nervow system in 
general are sustained by means of the vascular cir^ilation, 
in a fit stiite for transmitting the imprMsions on the sen- 
ses to the immediate seat of thought and memory in the 
sensciium ; and for conveying the dictates of the mind, 
andoJFthe will, to the muscular partsof the whole frame. 

In what manner these reciprocal impressions are trans- 
mitted by the nerves, has never yet been determined : but 
it has long been conjectured, that the miedium of commu- 
nication may bear a considerable analogy to the electrical 
Agency ; and late experiments appear to have added new 
weight to the opinion. Indeed nothing can be more fit 
to constitute a connecting link between material imd im- 
ms^evial beings, than some modification of a fluid which 
certainly diffiers very considerably in its essence from the ' 
eonimon gross matter of the univM'se, and which perhaps 
|Krvades without interruption,, the expanse of immeasura- 
ble space* 

"WTien the knowledge of these various subjects wab not 
"very extensive, all the known particulars ceuld be easily 
arranged under the general title of natural philosophy ; 
blit the progress of civilization of man, and the unre- 
mitted attention which has been bestowed upon them, 
particularly within ouf own time, has increased the num- 
ber of useful discoveries to such a degree, as to render 
the capacity of one man inadequate to the comprehension 
of the whole stock df knowledge. Hence to chemistry 
is allotted the explanation of those changes or events that 
are eff"ected in the component parts of bodies by their 
mutual afction upon each other, and which are not accom- 
panied by sensible motion. 
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PART IV. 



SECT. I. 

Nature of simple bodies. 

IN eveiy age there have been certain substances con- 
sidered by the philosophers of the day as simple bodies^ 
or elements^ of which every thing else has been suppos- 
ed to be compounded. But what have been ebumerated 
by the philosophers of one age as etements, have been 
afterward)^ proved by t})ose oC another to.be compounds; 
and. as the science of chemistry has been improved, we 
-have discovered the bf means analyzing or decomposing 
what was previously^conceived to be simple. Thus wa- 
ter, and air, from time immemorid to a very late date, 
were allowed by all philosophers to be two of the ele- 
ments of nature : modem chemists have, however, cte- 
oomposed both fuids, and detected wiA accuracy the in- 
gredients of which they are formed, and even the pro- 
portion in which these are cbmbified* 

For many ages past, earth, air^ fire, and water, have 
l^en considered the four elements of which the globe 
we inhabit wa3 formed. Chemistry now teaches, that 
there are mahy kinds of earths, and many kinds of air, 
perfectly distinct from each other. It teaches that fire 
is a simple substance ; and that water is a compound. 

This premised, simple bodies consist of particles which 
cannot be further. separated into others of a more simple 
nature, or reproduced by artificial means. The true cha- 
racter of them is immutability of properties, unity, and 
similarity. 

It does not .follow from this Aat these bodies are ab- 
sx)lutely simply j on the contrary, it is very possible tha^ 
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they are compound. It cannot be doubted that, as the 
•cience advances towards perfection, many of them will 
be found ao» Very probably a new set of simple bodies 
will offer itself, .of which we are at present ignorant. 
These again may perhaps be decomposed, till at last, 
when the science has reached the highest degree of per- 
fection, those really elementary substances wUl come into 
view, of which all bodies are ultimately composed* 
Whenever this sh^ happen, the list of simple substances 
will probably be reduced to a much smaller number than 
at present; till this however does take place, we are en- 
titled to consider them as simple substances, according to 
the present state of our knowledge. 

Their number amounts now to fifty, including those 
unconfinable agents called heat and light. 

They may be conveniently arranged in the following 
order. 



SECT. JI. 

V 

CLASSIFICATION OF SIMPLE SUBSTANCES. 

DIVISION L 
SIMPLE SUBSTANCES PRODUCIBLE BY ART. 

2 IMPONDERABLE SUBSTANCES. 

Light 
Caloric. 

. PONDERABLE SUBSTANCES. 

3 Combustible bodies destitute of metallic properties. 

Sulphur 

Phosphorus 

Diamond. 
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« 
28 Combustible bodtes, possessing metUlitc properties ^ called 



METALS., 

4» 




Platina. ^ 


• CoHalt . 


Gold 


Unui^im ' 


Silver 


Titanium 


Copper 


Colnmbium 


Iron 


Chrome 


Lead 


Molybdena. 


Tin 


Tungsten ' 


Zinc 


Arsenic 


Mercury 


Tantalium 


Tellurium 


Cerium 


Antimony 


Palladium 


Bismuth 


Rhodium 


Manganese 


Iridium 

* 


Nickel 


Osmium* 


INCOMBUSTIBLE BODIES. 


6 EARTHS 


m 

• 


Silex 


r 


. Alumine 


\ 


Glucine 


* 


21ircon 




' Yttria 




Magnesia. 


5 ALKALIES. , 'S^\. 


Potash 


r - 


Spda ' 


• • 


Barytes - 




Strontfa* 


 " . ' \ 


Lime. ,. 


* 


Divistwn, 



« SUBSTANCES NOT ¥ET PRODUCIBLE BY 
' J^-RT, BUT ANALOGICALLY CONSIDER- 

"' ' ' ED AS SIMPLE. 



1 ^ . •  dxygea 

J »  . Nitrogen 
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Ckft^ijication^ef Simple Suhtancc9> 
V . » ^ '. Muriatic radical 



*• f 



Fhiooric |;idical 
Bbracic||^lcal. 



Such sffe the bodies'which fiie corpuscular theory cioji- 
siders ae simple, atid to which chemical writers have giv- 
en the appellation of radicals. Some can only be exhi- . 
bited to oiir viei^ in their simple state ; others, on the 
contl*2Uy, have not yet been successfully exhibited experi- 
mentally,^ uninsulated* Their existence can nevertheless 
be inferred from the analogy of certain general and well- 
established facts. The impossibility of producing thetm 
arises no doubt from their great tendency to unite with 
other substances, and from the opportunity they meet 
with at every sepairation. 
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CHEMICAL ACTION 



PART V. 



THE different actions which result from the proper 
application of the bodies enumerated before, when either 
in a simple state or when combined tog^ther^ are founded 
on certain agencies inherent in all matter. This we take 
for granted, and consider as a fact; without pretending to 
explain hoto bodies came to be possessed of these agen- 
cies, or how they are capable of exerting them. 

Philosophers therefore express the unknown causes 
which produce these changes, by the metaphors of at- 
traction and REPULSION* 

Before we attempt to give an explanation of these 

terms', we shall endeavour to exemplify what is under* 

I stood by chemical action in general. We therefore flatter 

L ourselves that the following simple facts intended for that 

\ purpose will not be deemed frivolous ; our chief object 

being to advance in this place some palpable^ positive, and 
negative proofs, which show, that whenever chemical ac- 
tion takes places the properties of bodies become altered, 
and their individuality destroyed. 
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SJSCT. I. 

* r 

INSTANCjES OF CHEJVIICAL 4CTION. 

JEXPERIMENT I. 

LET a small portion of marble or chalk, reduced to 
powder, be diffused in a quantity of water, the marble 
presented to the water will fall to the bottom qf the ves- 
sel and remam unaltered. On shaking up the whole, a 
white turbid mixture will be formed, but on letting it ^^ 
stand imdisturbecly the nuurUe will again fall to the bot- 
tom, and the supernatant fluid remain transparent and 
unaltered. 

In this case no ehemical action has taken place, for nei- I 

ther the properties of the marble nor the water are altered I 

iif examined chemically. 1 

«i 

Experiment II. *i 

If we let fidl a like quantity of marble or chalk into an- 
odier fluid, called an acid ; for instance^ into vinegar, or 
nitric, tnuriaticf or suljAuric acid ; the e&ct then will be 
different : a violent action will take place the instant they 
come into contact, the marble* wiQ gradually disappear in 
these fluids and become more or less dissolved, and a 
transparent solution will be obtained. 

In this case a chemical action has taken place between 
the bodies brought into the spha« oi action, for the pro- 
perties of both the substances can no longer be distki- 
guished, their appearances are nK>re or less altered, and 
their individuality destroyed. 

R£MA&R*...Chemical action is reciprocaL It cannot be 
said that the acid acts on the marble, or the marble on 
the acid ; convenience of expression has permitted the 
whole of the action to be attributed, without misconcep" 
tion» to one of the substsmces, when the effect of the ac- 
tion is to be examined instead of the action itself; hence 
we say, vineg^ acts upon marble, vater acts upon salt, &c. , 

It were to be wished that the acdon of different bodies 
qpon each other could be referred to a few general laws. 



3 ' InsUi9kes of Chemkai AcHm. il 

AG as td be enabled to foretel beforehand the changes 
which would result^ in every possible circumstance. This 
*would save us the trouUe of learning in detail an immense 
number of insulated facts, which at present are necessary 
* for the practice of the science. 

Experiment III* 

^ It is a well known fact* that if oil and water are added 

to each other they will not mix, because no sensible che- 
mical action takes place between them under such cir- 
cumstances ; but if we add to the oil and water a sufficient 
quantity of another substance, called an alkali— -for in- 
stance, potash or soda— the oil, the water, and the alkali, 
will then unite and form a saponaceous compound, which 

I has a milky appearance, and renders water opaque. 

i A chemical action has then taken place between th^si; 

^ Cor the properties of the oil, the water^ and the potash, 

are lost, and a compound possessing new properties has 

, ' been formed. 

Experiment IV. 
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If we put into a phial equal quantities of oil of turpen- 
tine, highly rectified alcohol, and a concentrated solution 
of carbonate of potash, and shake them together, no che- 
mical change takes place ; the difierent fluids will ap- 
parently mix^ but on suffering them to stand undisturbed, 
they will separate again, ^nd arrange themselves into dis* 
t.inct spherules. The heaviest fluid will sink with Ute 
greatest celerity, and they will place themselves over each 
other according to their specific gravities. Three differ- 
ent fiutda which do not mixj but constantly ren^ain separate, 
will thus be contained in one phial. In this instance, 
therefore^ no chemical action takes place between the 
bodies presented to each other. 

' But if we bring the same substances into contact with 
others of a different nature, the case will be different, for 
violent chemical actions, will ensue under favourable cir- 
cumstances ; for instance, 

EXPERIMI^NT V. 

Accension of oil of turpentine, by the affusion of nitrous acid. 

If we put mto a tea-cup aboXit one table-spoonfUl of 
oil of tui^entine, and add tp it double that quantity of 
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vely conctetrated nitrous acid; a violent action tak^s 
place, and fire and flame will be produced. 
. Revark.... As it is our duty to point out ;5uch experi* * 
ments as may prove unsafe to those who never applied 
their hands to the practical part of chemistry, we must re-- 
mark, that in performing this experiment care should be 
taken to avoid dangerous events ; for the cup is sometimes 
shattered to pieces, and the mixture is thrown about \jti all 
directions to a considerable distance ; it is therefore ne- 
cessary to fasten the vessel containing the nitrous acid to 
the end of a long stick, in order that the operator may be 
at a distance when the accension takes place, which hap- 
pens the instant the acid comes into contact with the oil. 

ExPEftlMENT VI. 

Production of heat {sufficient to make water boil) by the 
mixture of sulphuric acid and alcohol or water. 

If Tialf an ale-glassful of sulphuric acid of commerce 
be hastily mingled with half that quantity of alcohol or 
water, the mixture instantly becomes so hot as to render 
the glass insupportable to the hands. A small quantity of 
water contained in a thin glass tube may be made to boi|, 
when immersed in it for a few minutes only. 

R£MARs:....Great caution is likewise necessary in mak- 
ing this experiment, lest the glass should crack from the 
sudden heat, and throw the mi;Kture about, to the mani- 
fest danger of the operator. The safest method is to 
mix the two fluids gradually ; by this n^eans the heat is 
produced slowly; whereas if both fluids are at once 
mingled together, the heat is almost instantaneous, and 
rises considerably above that of boiling water. 

Experiment VIL 

* 

Production of Sulphate of Potash* 

If ^ a concentrated solution, of carbonate of potash, be 
mingled with sulphuric acid, the two fluids unite, a very 
brisk effervesceoce takes place, and a solid mass of salt 
(sulphate of potash) will be produced. 

These experiments, which shall be more fully . consi- 
dered hereafter, are merely advance4 tp prove that the 
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^individua^y^of diifereilt substances becomes destroyed, 
that* is to say, that a chemical action takes place when 
they are presented to each other under such circumstan- 
<^si as experience has taught us are necessary to produce 

^ s|jich'*effects« The conditions, or artificial arrangements 
re({uisite for that purpose, resolve themselves into the 
geneeal operations of chemistry. 
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ATTRACTION. 



PART VI. 



THE terms attraction and repulsion, in the language 
of modem philosophers, are employed merely a»^ the ex<« 
pression of the general facts, that the masses or particles 
of matter have a tendency to approach to, or tp recede 
from, one another^ and to unite to, or rmtl^ each other> 
*under certain circumstances. Hence the following 

* 

AXIOM OP ATtRACTION. 

, •• • 1 

AU bodies whatever have a tendency or power to at-*; 
tract each other more' or less ; they search as it were, and 
make efforts, when left to themselves, to approach one 
another in order to unite, or to comt into apparent con- 
tact. This energy is called tlic power or attraction. 

This attraction is mutual ; it extends to indefinite dis- 
tances. All bodies whatever, as well as thehr component 
elemaitary particles, are endued- witii it. It is not anni- 
hilated, at how great a distance soever we suppose them 
to be placed from each other ; neither does it disappear, 
though they be arranged ever so near each other. 

The nature of this reciprocal attraction, or at least the 
cause which produces it> is altogether unknown to us. 
Whether it be inherent in all matt^, or whether it be 
the consequence of some other agent, are questions be-* 
yond the reach of human understanding ; becausis we 
have no means of deciding the point, we are absolutely 
unable to judge of the .simplicity of Nature. We have but 
a few imperfect glimpses here and there ; and from the 
few points which we see and understand, we are not able 
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* to form pSautible coi^eetures conpeming die whole ma- 
cbineiy l^ which her operajdons are carried on* Supericn' 
Jbeisgs perhaps smile at our theories, as we unile on the 
reasoniag of a child ; aod were the veil with which her 
operations are covered suddeiily withdrawnt we oorselves 
in all probability would be equally astonished and con- 
founded at the wide difl^rence between our theories and 
the real power by which the nmchinery of the universe is 
govern^. 

, SECT. I. 

PROOFS OF THE ENERGY OF ATTRACTION. 

ft » 

THAT the power of attraction really exists is obvi- 
ous from the sbghtest view of the phenomena of nature. 
It is proved with mathematical certainty that the celestial 
bodies^ which constitute the solar system, are urged to- 
wards each other by a force which preserves them in their 
orbits* It is further proved beyond any doubt, that diis 
planetary attraction is possessed not only by the heavenly 
Oodies as wholesf but that it also extends to the smaller^ 
particles of which they are formed, as may be evinced by 
means of the following experiments : 

Experiment L 

If we place two or more globules of mercury on a dry 
glass or earthen plate> and push them gently towards eacn 
otherf tiie j^uks will attract each other, and form <me ' 
mass or sphere, greater in bulk, but precisely the sama in 
nature. 

Experiment II. 

If a plate of clean g^ass, perfectly dry, be laid on a 
« large globule of mercury, the globule, notwithstanding the 

pressure applied to it, continues to preserve its spherical 
form ; if we gradually charge die plate with weights care- 
fully, the globule will be depressed and become thinner 
( and thinner ; but if we again remove the weights from the 
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plate, the mercury will instantly recover. its *{^6bular- 
figure, and push up the glass before it. 

In both these experiments we see that there exists an 
attraction between the particles of mercury ; in the first, 
the globules which are in contact with the plate of glass, 
leave this substance completely, they attract each other, 
and form a sphere greater in bulk. A mere inert fluid 
would i9 any case retain the figure it once possessed. It 
coirid not be endued with a globular form unless a real 
reciprocal attraction among its particles took place, which 
in the latter experiment is still more strking, for it thf re 
is not^ only superior to gravitation^ but actually over* 
comes an external force. 

 Experiment III. 

If a glass tube of a fine bore be immersed in water, 
contained in any vesseU the fluid will ascend to a certain 
height within the tube above its level, and its elevation hi 
several tubes of difle rent sizes will be reciprocally as the 
diameter of their bores. 

This kind of attraction, which takes place as well in 
vacuo as in the open air, has been called capillary attraction. 
It is this attraction which causes water to rise in sponge, 
cloth, sugar, sand, &c. for all these sid>stances may be 
considered as fine tubes in which the fluid ascends. 

R£MARK...The ascension of fluids in glass tubes of a 
fine bore succeeds best when the inside of the tube has been 
previously moistened, which may conveniendy be done 
by blowing through it with the mouth. And if the water 
be coloured with a litde red or black ink its ascension will 
be more obvious, particularly if the tube be held against 
a sheet of white papevw 

Experiment IV. 

If two plates of glass, previously wetted, be made to 
meet on one side, and be kept open at the other, at a small 
distance^ by the interposition of a shilling, or any other 
thin substance, and then immersed in water, the fluid will 
ascend between the two plates unequally. Its upper sur- 
face will form a curve, in which the heights of the several 
points above the surface of the fluid will be to one another 
reciprocally, as their perpendicular distance from the line 
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in irliich the plates meet. The ratio of this attraction is , 
therefore, as the squares of the increments with which 
the plates open. 

Here, then, we have two other instances that an attrac- 
tion prevails among the particles of bodies. For in both* 
} dases part of the fluid has left the contiguous mass, con- 

thfty fo the laws of gravitation. It is drawn up, as if 
vjfr^f or attracted, by the tube or plate of glass. 

> ExpeIiiment V. 

I ^ If we immerse a piece of tin, lead, bismuth, silver, or 

Jol^r in mercury, and draw it out again ij;pmediately, the 
iiiCTCtlry will* attract the metal, and the fetter will carry 
^with it a portion of the former, which wiJU stick to' it sc0 
4^. obstinately as to be inseparable by mere friction. 

There exists^ therefore, an attraction between the 4*?- 
ftrent mf tab brought in contact with each other. 

« 

• £XP£RIM£NT VI. 

* If we let fair into water a lump of sugar or salt, the 
fiarticl^ of the waler attract those of the isugar with a 
grater force than the last particles attract each other ; * 4 
they are therefore "gradually carried off by the water, that 
is to say,thifc sugar is gradually dissoh^ed. 

The particles of the solid thus dissolved, are each of them 

sup-oun&ed and combined, with a certain number of the 

• pairticles of |^ fluid ; hence they must be arranged in the 

li(}uid in regular order, and at regular distances from each. 
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ExpERiMiaiiT VIL 

* ' 

If a small stick be dimed in water, or any other fluid, 
and dvawn out again, a drop will be found hanging at the 
end of it in a spherical form. The drop is spherical, be- 
cause each particle of the fluid ei^erts an equal force in 
^eiy direciti«n, drawiqf other particles towards it on 
every side as far as its power extends. 

Thus the very formation of drops obviously demon- 
strates tliat there must exist a cause which produces that 
efFatt. THls cannot be gravity, for, agreeable to experi- 
ence, that is rather an obstacle to the formation of drops ; 
since, by the weight of the particles, large globules rest" 

VOL. I. 3 



■j 

1 

i I 



SS ^^^Sf^ of the E^rgy jof AttMcfX^u 

ing on solid bodies are flattened, and their regular spheri- 
cal form prevented. 

To explain this phenomenon there remains only the , 

power of attraction, acting between the particles of the 

• liquid body ; for if it is supposed that the particles of a 
substance reciprocally attract each other with equal force,. 
!|Dd their aptitude for being moved upon one another be 
great enough to overcome any impediment to their mo- 

, tioij, it foUoyvs, by the principles of mechanics, that ah^ 
equilibrium of the attractive forces can only take place 1 

when the mass has received a globular form. ^ 

Hence it is that all liquid bodies assume a* spherical 
figure when suffered to fall througli the air, or form drops ^ 

Whether the attractions of gravitation, or magnetism, ^ . 
(Si electricity, and of cohesion, be or be not considered as ■? 
essentially the same, is not our business to consider here -** 

circumstantially ; there is difference enough between them 
to allow a very accurate examination of each. Wf merely* 
consider attraction as an unknown power, by which 
all bodies are urged towards each other as an agent, whicH ^ 

acts constantly and uniformly in all times and places, and • 
which is always diminishing ):he distances between bodies* ^^ 

. ft is obvious that the distances of bodies are of two kind£> 
either sensible or insensible ; consequently the changes pro- • 
<duced by attraction must he either sensible or insetidble. 
Hence the attraction of bodies naturally divides itself Into 
two classes ; those which act at sensible distancas, and { 

those which act at insensible distances. The attractions l^- 
longing to the first class must be as numerous as there are 
bodies situated at sensible distances ; but it has bden as*' j 

certained that they may be all reduced to three different 
heads, viz, gravitation^ electricity, and magnetism. The .; 

first belongs to all matter, and therefore is universal : the 
other two are only partial, or confned to certain sets of ^ 

bodies. The first extends to the greatest distances to \ 

which bodies are placed Trom each other : how far etec- i 

tricity extends, has not been ascef tained. Magpetism ex- 
tends, at least, as far as the semi^diameter of the earth. J 
All bodies possess gravity; and it is supposed that the two J 
other attractions are confined to certain subtile fluids \ 
which constitute a part of all those bodies which exhibit 
the attractions of electricity and magnetism. This may 
be so, but it has not and scarcely can be demonstrated* 
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f THCJUGH we are unable to discpver the cause of the 

^ mutual attraction, experience has proved to us that this 

\ ' agency follows certain conditions or laws; for similar 

p phenomena always present themselves whenever the cir- 

cumstances of experiment are the same. 

Observation has taught us that the particles of bodies 
are of two kinds^ either homogeneous or heterogeneous^ 
By homogeneous particles, chemists understand particles 
composed df the same body ; thus all particles of sulphur ^ 
&c. are homogeneous particles. By heterogeneous par- 
ticles, chemists mean particles which compose different 
bodies ; thus a particle of sulphur and a particle of mer- 
cury are heterogeneous particles. 

. In the early periods, when chemists perceived that the 
force here considered opposed their operations, being ha- 
bituated to explain the effects they observed by certain- 
r^ations, or analogies, which they supposed to exist be- 
tween bodies, they gave different appellations, to express 
this agency. The first agency is still called by physical 
writers corpuscular attraction, or attraction of aggrega^ 
tion; molecular attraction: attraction of col^siony or the 
cohesive power, 
^ : The latter is termed chemical attraction* elective attract 

^ tion^ chemical affinity^ or affinity of composition* But be- 

' * fore we consider dMs subject any further, we shall give 

\ an idea of what has been called repulsion* 
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REPULSION. 



PART VII. 



IT was mentioned before (page 54) that all matter pojs^ 
sesses, besides attraction^ another power which is in con- 
irtant opposition to the former. This agency^ which is 
equally powerful and equally obvious, acts an important 
part in the phenomena of nature, and is called the power 
of repulsion* It is not less interesting to the chemical 
philosopher, than the powers of attraction. 

AXIOM OF REPULSION. 

All bodies are endowed with a certain power, whose 
constant tendency is to oppose their approach towards 
each other, *or to remove the particles of matter to a 
greater distance. 



SECT, I. 

PROOFS OF THE ENERGY OF REPULSION. 

THAT there exists a force which opposes the approach 
6f bodies towards each other is evident from numberless 
facts. 

Newton has shown that when a convex lens is put upon 
a flat glass, it remains at a distance of the -rkr P^it of an 
inch, and a very considerable pressure is required to dimi- 
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r? uish this distance ; nor does any force which can be ap- 

plied bring them into actual mathematical contact; a 
force may indeed be applied sufficient to break the glasses 
into pieces, but it may be demonstrated that it does not 
diminish their distance much beyond the ^^ part of an 
inch. There is, therefore, a repulsive force, which pre- 
vents the two glasses from touching each other. 

There exists, therefore, a repulsion between bodies ; 
this repulsion takes place while they are yet at a distance 
from each other ; and it opposes their approach towards 
each other* 

The cause, or the nature, of this force is equally in- 
scrutable with that of attraction^ but its existence is un- 
doubted ; it increases, so far as has been ascertained, in- 
versely as the square of the distance, consequently at the 
point of contact it is infinite. 

The following experiments will serve to prove the 
energy of repulsion more fully. 

EXPERIHENT I» 

We have seen (Experiment III. p. 56^ that when a glass 
tube is immersed in water, the fluid is attracted by the 
glass and drawn up into the tube ; but if we substitute 
mercury instead of water we shall find a different effects 
If a glass tube of a large bore be immersed in this fluid 
it does not rise, but the surface of the mercury is consi- 
derably below the level of that which surrounds it. 

In this case, therefore, a repulsion takes place between 

• the glass and the mercury, which is even considerably 

greater than the attraction existing between the particles 

of the mercury, and hence the latter cannot rise in the 

tabe, but is repelled, and becomes depressed. 

Experiment II. 

When we present the north pole of a magnet^ A, to the 
same pole of another magnet, B, suspended on a pivot> 
and at liberty to move, the magnet B will recede as the 
other approaches ; and by following it with A, at a pro- 
per distance, it may be made to turn round on its pivot 
with considerable velocity. 

In this case there is evidently some agency which op- 
poses the approach of the north pples of A and B, which 
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acts as an antagonist, and causes the moveable ma^et to 
retire before the other. There is, therefore, a repulsion 
between the two magnets, a repulsion which increased 
with the power of the magnets ; which may be made so 
great, that all the force of a strong man is insufficient to 
make the two north poles touch each other. The same 
repulsion is equally obvious in electrical bodies ; for in* 
stance. 

Experiment IIL 

If two small cork balls be suspended from a body with 
silk threads so as to touch one another, and if we charge 
the body in the usual manner with electricity, the two cork * 

balls separate from each other, and stand at a distance pro- 
portional to the quantity of electri.city with which the 
body is charged ; the badls, of course^ repel each other* 

Experiment IV. 

If we rub over the surface of a sheet of paper the fine 
dust of lycopodium or pufF-ball, and then let water fall on 
it in small quantities, the water will instantly he repelled, 
and form itself into distinct drops which do not touch the i 

lycopodium, but roll over it with uncommon rapidity. f 

That the drops do not touch the lycopodium, but are ; 

actually kept at a distance above it, is obvious from the 
copious reflection of white light. ' 

Experiment V. 

If the surface of water contained in a basin be covered 
over with lycopodium, a solid substance deposited at the i 

bottom of the fluid may be taken out of it with the hand 
without wetting it. In this case the repulsion is so pow- 
erful as to defend the hand completely from the contact of | 
the fluid. I 



INFERENCES. 

The various substances which compose the globe arc 
therefore subject on the one hand to a general law which 
tends to unite them together, and on the other hand to 
another agent which tends to disunite, or to remove them 
to a greater distance. Hence it is impossible to produce 
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any change whatever in bodies without interrupting these 
respective agencies* 

The great business of the chemist is to examine the 
changes arising from these' agencies, and to trace the laws 
by which they are regulated* In doing this he investi- 
gates the operations of nature, and endeavoi!lrs to point 
out their dependencies on one another* For that pur- 
pose he places different bodies in contact with each other 
under a diversity of circumstances, and observes the 
phenomena which accompany their action* He endea- 
vours to trace the conditions under which they are pro- 
duced, and examines the properties of the new com- 
pounds ; thus making them subservient to the improve- 
ment of the arts, and rendering them the ministers of our 
necessities^ comforts, and enjoymentr* {See Appendix 
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CORPUSCULAR attraction, or attraetion of cohe- ^ 

sion or aggregation, is that power by means of wkich the •■ 
similar particles of bodies attract each other and b^ome * 

united into one mass, without clianging, in the least, tjie 
chemical properties they possessed before their union. 
The bodies may be in a solid, fluid, or aeriform state. .1 

Corpuscular attraction is different in diff(irent b<tli^. 
It is always in an inverse ratio to the power of repulsidn, 
br the quantity of caloric interposed between the partiolfs 
of the acting bodies. 

It becomes obvious from this, that the agency of con ^ 
puscular attraction consists in a mere successive and con- 
stant accumulation of similar particles into one mass ; and 
that it produces adherence of surface, or apparetit contaU 
in the ratio of the surfaces. 

This force is idb(irent in all the particles of all bodies 
(caloric and light perhaps excepted) we never find th« 
particles of bodies in a detached state, but constantly in 
masses of greater or smaller magnitude, made up <rf an- 
indefinite number of particles united togetl|^r by virfue 
of the forc^ of cohesion. . ^ ::> - 
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SECT. I. 

INSTANCES OF CORPUSCULAR 
ATTRACTION. 

THE simplest case of the exertion of corpuscular at- 
traction is that where two bodies, placed in mutual con- 
tact with each other, form a direct union, without chang- 
ing their chemical properties* 

* Experiment I. 

If diiG^rent particles of sulphur be melted together, they 
form an uniform mass or whole, the particles of which 
 are held together by virtue of the power of corpuscular 

attraction^ but the properties of the body are not altered. 

The same effect takes place when pieces of the same 
metal, or particles of resin, wax, &c. are united in a simi- 
lar manner. 

Innumerable other instances might be advanced, were 
not the subject obvious to every one. 

MEASUREMENT OF CORPUSCULAR 

ATTRACTION. 

The force of corpuscular attraction in solid bodies may 
be measured by the force or weight necessary to demolish 
it^ Thus, if a rodof metal, glass, wood, &c. be suspend*- 
ed in a perpendicular direction, and weights be attached 
to its loi)irer extremity, till the rod is broken by them, the 
weight attached to the rod just before it broke is the mea« 
sure of the cohesive force of the rod- 

It is also expressed by comparing it with other bodies : 
thus It is said that »ruby is softer than a diamond, but 
harder than the hardest steel, because mth it the steel 
may be scratched, but not the diamond* 

Various experiments have been instituted for the pur- 
pose of determining the force requisite to disimite solids 
from contiguous fluids, to disunite solids from contiguous 
solids, and to break or to disunite the continuity of a 
given solid. But the circumstances of t^nperature, purity 
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of the bodies, equality of size, surface, &€• render such 
experiments subject to a considerable uncertainty* (Set 
Appendix No* 6.) 

It has been found that wire&of the following metals, 
' drawn through the same hole, one tenth of an inch in di- 
ameter,' and fastened with one end to a hook, whilst 
weights were suspended* to the other extremity, could not 
be broken by any force less than the annexed weights. 
x^eaQ •••••••• ^^^T I 

Tin . 49i 

Copper ....... 2991 

Brass ....'... %50 }> pounds. 

Silver ....... 370 

Iron , . 450 

Gold 500 

SECT. n. 

GENERAL LAWS OF CORPUSCULAR 

ATTRACTION. 

Law L... The agency oy corpuscular attraction acts only at 
insensible distances / its force incr£as:^s as the distance 
of the bodies presented to^ach other decreases, and ae 
the surfaces of apparent contact are more numerous. 

Experiment I. 

If from each of two leaden bullets- a piece be cut off 
with a sharp knife, and if then the two^ bullets be pressed 
with their flat bright surfaces against each other (giving 
them a little twist) they will be found to adhere feo firmly 
to each other, that sometimes the weight of fifty pounds 
will hardly be sufficient to separate thenu When sepa- 
rated, a considerable degree of roughness will be found on 
their surfaces. • 

The adhesioQitof the two bullets is certainly not owing 
to the pressure of the surrounding medium ; for in the 
first place the pressure of the atmosphere is by no means 
so great as to produce that degree of adhesion between 
such small surfaces ; and, in the second place, the two 
bullets, thus prepared are found to adhere as firmly in va- 
tuo as they do in air. 
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Experiment II. 

For similar reasons, two plates of glass wetted with a 
little water, to fill up their inequalities, when laid toge- 
ther, will cohere ; and two pieces of marble or brass, hav* 
4ng each a flat, smooth, and well polished surface, when 
moistened and slipped upon eacK other, with a gentle pres- 
sure, will unite, and a considerable force is required to 
separate them. But If the two substances placed togeth- 
er be not sufficiently smooth or polished, it will be.in vain 
to try to cause them to adhere together ; for this reason, 
that the particles touch each other only in a few points : 
whereas, on the contrary, the particles of the former flat 
and smooth surfaces touch each other in many points. 
It has been noticed, that a silk-worm's diread can be in<^ 
terposed, but not two. 

E:XPERIMENT III. 

If two brass polished and perfecdy flat surfaces, abou| 
three inches in diameter, be rubbed over with grease, and 
put together in a pretty hot state, they will, when cold, 
adhere to each other so firmly, as to require nearly five 
hundred pounds weight to disunite them. 

 It must be observed, however, that in these cases where 
something is interposed between the two surfaces, the ad- 
hesion seems to take place not between the surfaces of the 
two .solids so much as between each of those surfaces 
and the interposed substance : for, in the first plate, it 
seems strange that two surfaces should have a greater at- 
traction tp each other, when something is interposed, 
than otherwise ; and, secofidly, it has been found that the 
degree of cohesion differs, according as different substan- 
ces are interposed between .the very substances of jhe 
same solids. ^ • , - . 

It is on this account that carpenters,' when they intend' 
to glue pieces of wo6d together, plane the surfaces per-^ 
fectly smooth, before they apply the glue; and! that the*.* 
surfaces of metal? are scraped clean before they are sol- 
dered, &c« , , ** 

Hence the corpuscular attraction always vaniAes whiiUj 

ever the distance is measunaU^, aod becontes ex^edtSingly 

great whenever 'the'« distance is exdfee^ihgt^^iminished ; 

•but the particular rate whic&this poVer follows is still 
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luiknown, as we have no method of ipeasuring either tiic 
distance at which it acts or its relative intensity* 

The force of gravity decreases inversely as the squares 
of the distance. But the attraction of cohesion decreases 
much faster : for instance, if a force of a thousand pounds 
weight be required to break a certain solid, and if then* 
the broken parts be placed contiguous to each other, and 
so closely that the eye cannot discern^ the fracture, it will 
be fotuid that they may be separated with the utmost 
jFaciHty^ 

<■ 

I^Aw Ih...Corpuscular attraction acts cHfferently in differ- 
ent bodies ; according' to the degree oj* force with wMch 
it acts between the particles of matter j the bodies appear 
under different forms. 

1. It Is OA this account that rock-crystal, flint, diamond 
and various other precious stones, are extremely hard ; 
for the corpuscular attraction unites the particjes of these 
bodies with a great degree of force. Hence a considera-' 
ble mechanical effort is mecessary to disunite them*. - .^ , 

^. In blocks of marble, chalk, lime*«stone9 Sec. the par* 
ticks are held together with a force considerably less. In 
these bodies it prevents all relative motion among the par- 
ticles themselves, atid hence the motion of one particle is 
followed by the motion of the whole mass ; or if that is 
impossible^ the cohesion is destroyed altogether, and th^ 
piece breaks. 

3. The in^grant parts of wax, tallow, suet, or lard, 
inay be made to change their situations, with a less degree 
of force thaa the former. ♦' ' 

Every genus of those aggregations comprehends a 
^eat number of species or degrees of solidity, softness, - 
and liquidity. 

In these substances the motion of one particle of the 
body is liot necessarily followed hy that of all the rest ; \ 

neither does that motion destroy the cohesion, nor break 
tlienu V 

4. The particles of water, spirit, and ether, move or 
sli^e ovir eaeh other very readily ; hence their resistance 
is considtraUy^less. 

5. And hmjf vajjours, the air of th^ atniosphere, and 
all the gases^ yield to ttie sfighteV possible impulse. 
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Law lll....Corpu8Cular attraction may be annihihted by 
every effort which tends to separate the particles of 
bodies* 

This law has, in truth, no relation to any chemical 
principle, but that of the destruction of aggi^gation* .It 
is easy to imagine, that in order to produce this last effect 
nothing else is required to be done but to apply force 
greater than the agency of aggregation. 

It need hardly be mentioned that all mechanical forces, 
such as grinding, cutting, filing, rasping, pounding, break- 
ing, &c^ are of this nature. 

In all these cases, tl)e power applied must be more than 
equal to. the force of cwpuscular attraction ; and as it was 
stated before that the corpuscular attraction acts with dif- 
ferent degrees of energy between the particles of different 
bodies, so different degrees of force are necessary to de- 
stroy that corpuscular attraction in different bodies. 

The art of chemistry, in the different means it employs 
to demolish the aggregation of bodies, has really for its 
objects to cause these bodies to pass from the state of phy- 
sical subjects (that is to say, subjects of which the me- 
chanical philosophy can ascertain their proper(ies) to that 
of chemical subjects, on w^ich this science, may be consi- 
dered as no longer operating. 
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PART IX. 

SECT. I.^ 

CHEMICAL AFFINITY. 

AFFINITY of composition, or chemical affinity, is tliat 
power, by means of which the particles of bodies, whe- 
ther simple or compound, attract each other so intimately 
as to produce an uniform whole, totally inseparable by 
mechanical efforts, and whose characteristic properties 
are often different, and sometimes contrary to those of 
its constituent parts. 

It is obvious from this, that the particles of those bo- , 
dies which are united by virtue of chemical affinity form 
not a mere aggregate, but an entirely new body, which can 
only be altered by the action of another chemical power. 

In considering this kind of affinity, it will be necessa- 
ry to state, 

. In what manner it takes place between the particles of 
different bodies ; 

In what proportion they are capable of combining ; 

Under what conditions ; 

With what degree of force they unite ; 

And what takes place when a variety of different sub- 
stances are made to act upon each other at the same time, 
under certain "circumstances and in different proportions. 
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Hence affinity of composition is of greater impcataaco 
than corpuscular attraction, or affinity of aggregation, for 
it takes place in all the complex operations of chemistry* 
These topics will form the subject of the following sec- 
tions. 

SECT. IL 

INSTANCES OF CHEMICAL AFFINITY. 

To prove that chemical affinity acts differently from 
attraction of aggregation ; that it takes place between the 
ultimate constituent parts of bodies ; and that it produ- 
ces substances possessing properties frequently very dif- 
ferent, and sometimes contrary, to those of the constituent 
]>arts ; the following experiments may serve. 

. Experiment I» 

Formation ofaulphuret of mercury* 

Put into a crucible, placed in a coal fire, equal parts by 
weight of sulphur and mercury; stir the two^ substances 
together for a few minutes, ^d wheh 'the sulphur is 
melted pour the contents out on a marole slab, or piece 
of glass previously 'Warmed and greiaisedf. 

The substance obtained by this means is a sulphuret of 
mercurtfy in which the mercuiy and sulphur are united 
by virtue of chemical affinity : for the compound has nei- 
ther the colour, the splendour, the inflammability, the 
volatility, nor the specific gravity^ of either of its consti- 
tuent parts ; nor can the sulphur and mercury be separat- 
ed by mechanical means : they are therefore chemically 
united. 

Experiment II. 

Two malleable and ductile metals form a brittle alloy. 

If we melt together two very malleable and ductile me- 
tals'—for instance, tin and iron— in equal quantities, the 
compound produced will have totally lost the properties 
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trhuch its Gonstttuent parts possessed before their tmion ; 
for the alloy formed will be a britde metals which may 
easily be broken with the blow of a hammen 

EXPH&IMENT III* 

Bluejlutds become changed into red or green^ green ones 

into crimson or purple^ &c. 

Put two or three tea-spoonfuls of an aqueous infusion 
of red cabbage, or syrup of violets, into a wine-glass of 
water ; mix it well and put half the mixture into another 
glass. By adding a few drops of sulphuric acid to one 
of the glasses, and stirring it, the blue will be changed to 
a crimson ; and by adding an alkali, for instance potash, 
to the other glass, the blue fluid will be changed into a 
green. 

If we drop carefully down the sides of the glass into 
the green obtained in this experiment a few drops of sul- 
phuric acid, crimson will be perceived at die bottom,*pur- 
ple in the middle, and gpreen at the top. On adding a ' 
little ali:ali to the other glass^ containing the crimson, 
these colours will appear in an inverted order. 

* 

ExpeHiment IV. 

Two inodorotcs bodies evohe a very pungent smelling gas^ 

(^Production of ammonia^ 

When equal parts of muriate of ammonia and slaked 
lime^ both substances destitute of odour, are intimately 
blended in a stone mortar, a very pungent gas (ammcmia) 
becomes evolved. 

Experiment V. ' 

T-wo odorous and pungent bodies produce a compound^ 

destitute of odour. 

(Formation of muriate of ammonia.^ 

Water impregnated with ammonia and concentrated 
muriatic acid, both fluids of a strong odour, when mixed 
together in proper proportions, instantly lose their odour, 
and form a fluid void of smell (muriate of ammonia.) 
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* ^ '* ' * Experiment VI. 

- • * . Two ^t«w/ bodies produce a solid when mingled together. 
. » (Fofmation of sulphate of lime.) 

* 7 ,' * . " *^^*° *^ saturated solution of muriate of lime let fall 
 * gradually concentrated sulphuric acid ; a quantity of pun- 
' « • %d^t vapour will become disengaged (muriatic acid gas) 
\ aiid from the two fluids will thus be produced an almost 
. * \ • 3oIid compound, called sulphate of lime. 

% 

• *♦ A. Experiment VII. 

^ ^ . ; T^-wo^olid bodies produce a fuid by mere mixture. 
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^et equal parts of fresh crystallized acetite of lead and^ 

.* » a^iflaus sulphate of alumine and ♦potash be rubbed to- 

^ ^her intimately ' in a sto^e mortar ; the saline mixture 

% *. %* *wiH^oqn become ^soft, and lastly fluid. 

* ^ A like effect is produced by treafting in a similar man- 

. ' * . - Vifcs^cpsial parts » of crystalUzed nitrate of ammonia and 

« \ ^ ' V* ^jAate of soda; 

^ t^ ^^ A. ' (^id alloy ©f mercury and bismuth, and another 

»?: -^j * . composed pi l^^d and mercury, op being triturated to- 

' ^ ^. * • " gcthei; ial^buitly bec9me fluid. ** * . « 

; .. % 'I, ]|ji&:||)vidus from«this|» thatt whe^ chen^ical coiij^bin^- 

*. * '• tion^Kes plffi#, the compound which is^ formed does not 

' — sseairfHropertie^ merely ii|term^d&te between thcfce of 



''' '\ fl& component jfarts, but ha#a€qun*e(^Q|bers m^e ofless 
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Dftw. Th^t howe^>, does no|^iiola|l||pd -in aifl c£^^es. 

There are var^us combinational ia wl^pii. pfe.prdperties 

of bodiet^are only sligljlly altered. '^-' ,, - 

i', .  ' f * ,1' - .4r- 
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Observation has shoijrn tU^t affintq^ of con^sition 
. .' offers retain invariable*f4yBnomena, which, b^^ 
* ed on a g^eat .member of facts» are regarded- by che- 

mists as laws, and may^e redei»d*;ujider the following 
headar: '/ > * ^ .- 
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/4 Proofs of the Laws of Chemical Affinity. ' • 

Law Im-'^hemkal affinity can exert its action betwctnu 
number of bodies^ simple or cofnpoundf and unite themche- 
imcaUy into one whole* 

Law II,^— TA^ ^cacy of chemical affinity is in an in- 
verse ratio to that of corpuscular attraction* 

Law III.— 7%^ ag-ency of chemical affinity is influem:* 
ed by temperature ; its action is either accelerated, retard- < 
edy prevented^^or rendered efficacious* .' * * • 

Law lY .--^hemiccU affinity is accompanied by a change ^ . 
of temperature at the instant of its action* \ ^ 

Law V.^^The agency of chemical affinity existing be-^ . 
tween two or more bodies may lie dormant, until it is ca)led 
into action by the interposition of another body which fre- 
quently exerts no energy upon any of them in a separate ^«s • - * j 
state* • \ '■ 

Law V\.*^^The ratio of the energy of chemical affinity t  - ) 

acting between various bodies is differ emt in diffierent sup^ • / j 

stances* # ^.. ,, g^ ' jfi 

Law VII. — *The agency of chemical affinity ^ either ' i^ pt 

limited or unlimited in certain oodies ;• in other wordsyi^he*'^ %, ^» 

mical affinity is capable of uniting bodies in definite or in ' .* • , 
indefinite proportions* » ' .. V ^ '"'^^ .'fj 

Law VIIL — The energy of the chemical affinity of dif .' '^ \.\ 
ferent bodies is modified in pr^ortjon . to the ponAercM^ * ^ '^\ ' 
quantities of the bodies placed within the sphere ofactiott* -,^ •^ VV^* ^ 

Such are the leading law.^which regulate, the affinity " *. ^\ 

of compositioQ ; th^ may. -be demohstrated 1^ means of 
the foUowingexpenments. . t 
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Law l^^-Miemical affinitj^ can exerf its action between a 
nuini^ of bodieSiSmfU ortompoUndj and iinitk them 
chemically into one i»fMe* . y 

* PRQOF^ OP LAW I. 

There air^ an infinite variety of compounds^ consist- A 

ing of three, four, five,, or more simple substances in ! 

Xiature ; and art caii also effifct combmations \n which * 
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there are xnany simple bodies chemically united into one 
whole. 

It frequently happens that various separate bodies pre- 
sented to each other in a fluid, unite and form a single 
mass, which possesses all the characters of an homogene- 
ous con^und^ and which retains these characters till its 
composition has been altered by chemical means* 

A considerable number of triple salts are known, which 
consist of three different substances ; for instance, the 
common alum of commerce consists of sulphuric acid 
' ^' '■ united to alumine and potash or soda. The sak formerly 

called microcosmic salt, or phosphate of soda and ammo- 
nia, consists of phosphoric acid united to soda and ammo- 
nia, &c. When the oxygenated muriate of ix^ercury is 

[ precipitated by the precise quantity of carbonate of soda 

! which is requisite to effect its decomposition, the precipi- 

tate obtained contains muriatic kcid, carbonic acid, and 

! oxyd of mercury in excess. 

\ * It is a well known fact, that two, three, or more metals 

may be fused together so as to produce compounds whos'et 
properties are widely different from those of the consti- 
tuent parts. 



. *• 



Experiment L 
Fusibie alloys which melt in boiling water. 

Melt together, in an iron ladle or crucible, eight parts 
of bismuth, five of lead, and three of tin ; the fusibility of 
the metals will thus be altered, for the alloy melts at 212^ 
Fahr. A spoon, or any other utensil, formed of this com*" 
pound, will therefore melt in water kept boiling. 

a in a similar manner an alloy be made ol lead, tin, 
bismuth, and mercury, their proportions being two, three, 
fiv^^^d one, the compound produced melts at li l ic at 
ev^iiess than that of boiling water. 

A composition of lead» zinc, and bismuth, in equal 
s, may be kept in fusion upon paper over a lamp. 

Experiment XL 

Sut into a tea-cup one ounce of alcohol, SKid add to it 
ten grains of hyper-oxygenized muriate of potash. If to 
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this iniztitre a quarter of an ounce of concontrated sol* 
phuric acid be added a violent action ensues, 2smi the. 
fluid bursts into flame. 

Experiment III. 

If we. ti iturate together, in a warm mortar, three parts 
by weight of very dry nitrate of potash^ two of carbonate 
of potash, and one of sulphur, a powder is obtained, of 
which a few grains, when laid on a knife and held over 
the candle, first fuses, and then explodes with a loud re- 
port. A drachm of it put into a shovel and held over the 
fire makes a noise as loud as a cannon, and indents the 
shovel as if it had received a violent blow. It is known ' . •- 

hy ihen^iaG of Julminating-powder. 

Law 11.— TAe efficacy of chemical affinity is in an in- 
verse ratio to that of corpuscular attraction. 

». 

' PROOFS OF LAW II. 

It was mentioned before, that the cohesion of the par- * j 

tides of a body is owing to the mutual attraction existing ' i 

between them. It is this force which must be overcome 
by the action of a substance which has a tendency to com- 
bine with those particles chemically. The affinity of 
composition therefore does not become stronger as the 
affinity of aggregation becomes weaker^ it becomes only 
more efficacious ; the absolute powers remain the same ; 
the effect produced by that agency increases^ because the 
resistance opposed to it decreases* 

R£HAiiK....It is from this law that it Was formerly in- 
ferred, that some, or at least one, of the bodies should be 
in a' state of fluidity. This, however, is by no means ne- 
cessary. It is in general true, that the weaker th^l^ttrac- 
tion of aggregation is, the more easily the affinit/oF^m- 
bination t^es place, as may be evinced by means of the 
following experiments : 
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£X1»£RIM£«T I. / 

Let any quantity of dry carbonate of soda and tarta- 
reous acid be mingled together, and put the mixture into 
a wine-glass ; no chemical change will be produced : but 
if water be added, or either of the salts be previously 
dissolved, a violent effervescence ensues, and a chemical 
UTiipn is Obtained. 

The watfer added is of use merely to overcome the re- 
sistance which arises from the cohesion of the particles of 
the salts intended to be brought into the sphere of action, 
or to increase their mutual contact. 

I- 

Experiment IL 

If crystallized sulphate of alumine, or sulphate of soda, 
and acetite of lead are brought into contact with each 
other, the individuality of these bodies wiU not be de- 
stroyed, that is to say, no chemical change will take 
place : but if they be intimately rubbed together in a 
mortar, the two solids will act upon each other, and form 
a fluid. 

It is obvious^ therefore, that in order to facilitate 
chemical affinity, the attraction of aggregation must be 
broken ; the bodies intended to be chemically united must 
hot he presented to each other in their mass of contacts 
but mechanically divided, or reduced to the smallest 
moleculae possible. 

Hence liquids combine with more facility than solids, 
or even than a solid and a liquid ; and in like manner va- 
pours combine with rapidity and ease. 

Law III. — The agency cf affinity of composition is influ- 
enced by temperature* Its action is either accelerated^, 
r^t^dedj prevented^ or rendered efficacious* 

PROOFS OF LAW IIL 

Experiment I. 

If we mingle equal parts of sulphur and carbonate of 
potash, and leave the mixture for any length of time, no 
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change will take place ; but if we increase the tempetli-* i 

tUre or heat the mixture, a union will be obtained. 

i 

Experiment II. 

If we exposie phosphorus in an open vessel to the ac- 
tion of the atmosphere, a chemical union will take place 
between the phosphorus and one of the constituent parts - 

of the atmosphere, namely, the oxygen gas ; the phos- 
phorus will gradually (but very slowly) disappear, and 
become converted into a fluid, called phosphoric acid* 

But if we heat the vessel containing the phosphorus, 
the latter will take fire, and become converted into a yel- 
lowish white substance, which in a short time is chang- 
ed into an acid analogous to the former* 

Experiment III* i 

If equal quantities of muriate of ammonia and carbon- 
ate of magnesia are mixed with six or eight parts of wa- 
ter, and suffered to stand for some time exposed to the 
ordinary temperature 6f the atmosphere, a mutual de- 
composition of the two salts will take place* For if the | 
mixture and the fluid which passes are left to evaporate ." 
spontaneously, muriate of magnesia and carbonate 4)f am- '' 
monia will be obtained. 

On the contrary, 

Exi?ERIMENT IV. 

If equal quantities of muriate of magnesia and carbon- 
ate of ammonia be exposed to a temperature of 200<* in 
about four parts of water, the products obtained are mu- 
riate of ammonia and carbonate of magnesia* 

Experiment V*- 

 
If muriate of soda and sulphate of magnesia be mix- 
ed together in any proportion* and exposed to a tempera- 
ture below zero^ they decompose each other, and muriate 
of magnesia and sulphate of soda are formed ; but no de- 
composition takes place at a temperature above 30<^* 

Muriate of soda, and acidulous sulphate of alumine and 
potash, exhibit precisely the same phenomena. 
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Experiment VI. 
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If ardent spirit and a solution of salt in water be mixdd 
together, the compound formed is a real chemical union ; 
but if we carefully heat the fluid, the caloric applied will 
be divided between the three ingredients, according to 
their respective aiffinities ; the union will be broken, for 
the ardent spirits will first become volatilized, and the 
union of the salt and water remain unaltered. On in- 
creasing the temperature, the water will escape in the form 
of vapour, and the salt will be left behind* ^ 

There are numerous cases in which an increase of tem- 
perature is essentially necessary to determine bodies to 
unite. If mercury be exposed to oxygen gas, at the com- 
mon temperature of the atmosphere, the corpuscular at- 
traction subsisting between its particles is sufficient to pre- 
vent combination : but if the mercury be heated to a cer- 
tain deg^e, the force which kept its particles united will 
become annihilated, and it then combines with the oxygen 
which is present. 

Again, if the oxyd of mercury thus formed be exposed 
to a higher degree of temperature, the union is demo- 
lished, and the quicksilver re-appears in its metallic state. 

Hence it is obvious that the action of caloric favours 

^'% the union of the oxygen and mercury, in consequence of 

. the diminution of the mutual affinity of the parts ; but at 

length, by augmenting this difference, it again breaks thd 

lunion, or renders the combination impossible. 

Thftt inci:*eased temperature augments the powers of 
chemical union the solutions of salt and water aflfoM* in- 
stances. 

, / ^ larger quantity of salt is soluble in a given quantity 
'J of .ijpter at a high than at a low temperature, iand this 
larger quantity pf salt is again separated by cooling. 
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CAW IVp^hemical canity is accompanied by ^ cfiangt ^f 
^mperature at the imta^t pf its; v&tion* ^- • ' 
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^; The triift^ofAi^ principle trill be perceived Jty. apply- 
ing cxperimintita ' 
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PROOFS OF LAW IV. 

Experiment I. 

Production of heat, by the combination of dense acids, at- 
ialieg, ^c. with water. 

We have mentioned already (page 52) that when two 
pans of concentrated sulphuric acid and ardent spirit are 
mingled together, the mixture in a few minutes becomes 
so hot as to render the vessel insupportable to the hands. 

If four parts of sulphuric acid of commerce and one 
part by weight of water be mixed together, each at the 
temperature of 50", the mixture immediately acquires a 
temperature of about 300°. 

All the dense acids, ammonia, and ardent spirit, when 
mixed with water, have the property of raising its tem- 
perature remarkably : ^nd the same is the case when al- 
kalies are introduced into concentrated acids. On the 
contrary, in many instances cold is produced. 



Production of extreme degrees of cold. 

Take one ounce and a half of muriate of ammonia, and 
a like quantity of nitrate of potash ; reduce each of these ^ 
salts separately to powder, and blend them intimately to- 
gether', having done this, mix them gradually in a glass ' 
basin, or other thin glass vessel, with four ounces of water. 
The resultwill be, ^at the cold produced sinks a thtirmo- ■, 
meter immersed in it to 36" Fahr. A new addition of , ^ 
the same quantity of salts will cool itto 14", which there- 
fore will freeze water in a glass tube that is immersed in, „" 
it,"without the use of snow or ice. If the water employ- 
ed in a first process be used to reduce other water and 
salts to the temperature of about 32", andthese be appli- -' 
ed to the performance of a second experiment, the tem- 
perature " below O*. , : 

A nui have lately been made to'- 

produce ;ans of Skch freezii^ mix- 

tures. 1 et of this Jciad are tiiQae of '." 

Pepys, I \ Th^y shall he poticed i» 

the next 
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Law V^'-^Tfie offenctf of chemical affntiy between two or 
mare bodies may lie dormant^ until it is called itUo €U> 
tion by the interpostHon oj" another body^ which frer 
quen^^ exerts no energy ttfion them in a eeparate ^tate* 

From this law originates what was formeify called dis- 
posing affinity, or that case in which two or more bodies 
are incapable of uniting, until the agency is called into 
action by the addition of a third body, which exerts no 
sensible affinity upon either of them* 

This may be proved in the following manner. 

PROOFS OF LAW V. 

Water is a compound of hydrogen and oxygen ; phos- 
phorus is a simple body, according to our present state of 
knowledge. If these be presented to each other, no che- 
mical uiiion will take place ; but if we add to them an al- 
kali, and then apply heat, the water will become decom- 
posed ; that is to say, part of the phosphorus will unite to 
the oxygen of the water and form phosphoric acid, and 
the other part will be dissolved in die hydrogen gas and 
appear as phosphorated hydrogen. 

Here the alkali acts as the substance requisite to favour 
the mutual^action, or to give the disposing affinity. 

If iron and water be brought into contact with each 
other^ no perceptible change will be produced ; but if a 
little sulphuric acid be added to the water and iron, a vio- 
lent effervescence takes place, the water becomes decom- 
posed, hydrogen gas will be evolved, and the iron become- 
dissolved in die acid. 

In this case the sulphuric acid is the condition neces- 
sary to accelerate the chemical action. 

These experiments will be more fully considered hei-e- 
after. 

Law Wh'-^The ratio of the energy of chemical affinity 
acting between various bodies is different in dyferent 
substances* 



This is the most important law of chemical a^raction. 
As beginners will find it rather difficult to understand 
what passes in this more complicated agency, we sha}l 

vot. I. 11 
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shoitty remark, that the combination which is effected be- 
tween two or more bodies, by virtue of the affinity of 
composition, becomes broken whenever we present to the 
compomid another body, which has an attraction to one 
of the constituent parts of the compound, superior to that 
attraction by which they were held togetlier : the bodies, 
therefore, between which the strongest attraction prevails 
combine, and the rest are disengaged. 

PROOFS OF LAW VI. 

.Experiment I, 

If muriatic acid be poured either on pure barytes or on 
its carbonate, the barytes will be dissolved, and the com- 
pound will be muriate of barytes, which compound is held 
together by die force of affinity existing between the mu- 
riatic acid and the barytes. On letting fall into this soi- 
lution a few drops of sulphuric acid, an immediate change 
of principles takes place ; the whole quantity of the muri- 
atic acid which was combined with the barytes becomes 
disengaged ; and the sulphuric acid unites to the barytes 
' with a force equal to their affinity, minus that of the mu- 
riatic acid. 

Experiment II. 

If pure silver be dissolved in nitric acid, the silver will 
remain united to the acid till another body is presented 
to it which has a greater force of attraction to one of the 
constituent parts of the compound : for instance, if mer- 
cury be added to this solution of silver, the mercury will 
be dissolved, and the silver become precipitated or dis- 
engaged. The supernatant fluid will then be a sohttion 
of mercury in nitric acid. 

Experiment Illf 

If to the before-obtained solution of mercury in nitric 
acid a piece of sheet lead be presented, the lead will be ' 
dissolved, and the mercury become precipitated. The, 
fluid will then be ^ solution of lead in nitric acid. 
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Experiment IV. 

If in this solution of lead a thin slice of copper be sus- 
pended^ the copper will be dissolved, and the lead will be- 
come disengaged. The fluid now is a solution of copper 
in nitric ucid. 

Experiment V. 

If in this solution of copper a thin sheet of iron be kept 
immersed, the iron will be dissolved, and the copper be- 
come precipitated. The fluid now is a solution of iron in 
nitric acid* 

Experiment VI. 

If to this solution of iron a piece of s^c be presentedf 
the zinc will be dissolved, and the iron become precipi- 
tated. The solution then consists of zinc and nitric acid. 

R£MARKs....It appears nevertheless, from Berthollet^s 
Treatise, aa we shall see directly^ that in almost all cases 
of elective affinity, there is not a total transfer of the base, 
but that a division is made between the two opposite at- 
tracting substances, in a compound ratio of the relative 
force of affini^ and quantity of each ; that, in many cases, 
the excess of quantity may supply the deficiency of force, 
and therefore that the mass must be carefully taken into 
consideration. 

Law VII.-— TAe agency of chemical affinity is either It* 
mited or unlimited; in other wordsy chemical cijfinity is 
capable of uniting bodies in definite or in indefinite prO'* 
portions* 

• 

Experience has convinced us, that in all bodies there 
are certain precise limits of combinations beyond which 
their action cannot pass, namely, a mitdmum and a maxi* 
mum ; it remains still to be ascertained how bodies can 
Combine within these limits. 

If we attend to what is known at present, we are forced 
to acknowledge that this law comprehends several modifi- 
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cations^ which may be arranged under the fdUowmg 
classes. 

1* , Chemical affinity unites several bcMlies in any pro- 
portion whatsoever ; their combination is therefore un- 
limited : for instance, 

PROOFS OF LAW VII. 

Experiment L 

If .water and ardent spirit be mingled together in any 
quantity, a chemical combination ensues, for the com- 
pound obtained has always a specific gravity different 
from the mean specific gravity of the fluids combined. 
Its bulk is likewise not the arithmetical mean of the fluids 
in a separate sU^. 

The same is me case when liquid acids and water, or 
acids and ardent spirit, are combined together. 

2. Chemical affinity combines several bodies to a cer- 
tain extent or mdximum only* 

To this class belong all those bodies which are capable 
of (what is called) saturation. 



Experiment II. 

If we take a quantity of any of the dense acids diluted 
with water — for instance sulphuric acid— and let fall into 
it a solution of an alkali— ~for example soda— «by a little at 
a time, and examine the mixture after every addition of 
the alkali, we find for a considerable time it will exhibit 
1S^t properties of an acid; it will have a sour taste^ and 
convert vegetable blue colours into red ; but if we con- 
tinue to add greater quantities of soda, these acid pro- 
perties will gradually diminish, and at last disappear alto- 
gether. At that ppint the combination is at an end, it 
has reached its maximum in this case ; for if we continue 
to add m<)re alkali, the mixture will gradually acquire al- 
kaline properties ; it will convert blue vegetables into 
green ; it will have an urinous or alkaline taste^ Sec. These 
properties will become stronger the greater the quantity 
of the soda is which is added. 
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Experiment lit. 

Take muriatic acid, and let fall into it gradually car- 
bonate at lime or magnesia : an effervescence will take 
place ; for a chemical union ensues between the acid and 
the lime, or magnesia, and the carbonic acid, the other 
constituent part of these bodies, becomes disengaged. But 
if we continue the addition of the liine or magnesia until 
It produces no further effervescence, no chemical union 
will be obtkined, the lime will fall to the bottom unalter- 
ed, for the combination is at its maximum. 

It is on this account that ^ater can only dissolve a cer- 
tain quantity of salt ; ardent spirit, a certain quantity of 
resin, &c. 

The union of oxygen and hydrogen belongs likewise to 
this class. 

3. Chemical affinity is capable of uniting different bo- 
dies in two, threes or more proportions ; each of these 
combinations produces compounds possessing peculiar 
properties* 

This peculiarity of combination is highly important 

It is owing to this circumstance that both nature and 
art produce substances of the same principles, only com* 
bined in different proportions, which possess peculiar 
properties widely different from each other. 

Law VIII.— 7%e energy of the chemical affinity ofdif- 
ferent bodies is modified in proportion to the ponderable 
quantities of the suastances placed within the sphere of 
action. 

It is obvious from this, that the denomination of elec- 
tive affinity is erroneous ; since it supposes the union of 
one entire substance with another in preference tp a 
third. But this is not the case ; a mere division of action 
takes place in instances of this kind ; that is to say, the 
substances act according to the quantity existing within 
the sphere of activity. The excess of quantity is capable 
of compensating for the deficiency of the force of affinity. 
When, therefore, a compound body of two substances is 
acted on by a third, that part of a compound which is the 
subject of combination is divided between the two re- 
maining, not only in proportion to their respective de- 
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grees of affinity, but alsp according to their ponderable 
quantities ; so that by varying this in either^ the eflfcct 
produced will be varied. 

Thus BerthoIIet has proved, that in all cases ^a large 
quantity of a body is capable of abstracting a portion of 
another from a small portion of a third, how weak soever 
|;he affinity between the first and second of these bodies 
may be, and how strong soever the affinity between the 
second and third. Thus potash is capable of abstracting 
part of the acid from oxalate of lime^ phosphate of lime, 
and carbonate of lime. Soda and lime decompose par* 
tially sulphate of potash* Nitric acid subtracts part of 
the base from oxalate of lime, &c. 

The following experiment^ advanced by BerthoUet, will 
proye this more dearly. 

PROOFS OF LAW VIII. 

£XP£RIH£KT I. 

If equal parts by weight of sulphate of barytes and pot- 
ash be boiled in a small quantity of water to dryness, i^ 
will be found that the sulphuric acid hasheen divided be- 
tween the two bases in the compound ratio of their mass 
and their force of affinity. The greater part of the sul-r 
phate of barirtes will be found undecomposed ; a small 
quantity of barytes will be found at liberty ; most of the 
potash will also be uncombined ; but a certain portion will 
be united with the sulphuric acid which the barytes has 
lost in the form of sulphate of potash. 

It is not merely in the instance stated here that this 
division of one b^dy between two others, according to 
their respective masses and affinities, takes place5 there 
being scarcely any example to the contrary. 

And as the affinities of bodies vary with their masses, 
it is obvious^ that when we speak of the affinities of bo- 
dies, we Qught to consider them as always acting in cer- 
tain determinate proportions. 

Inf£R£NG£S....A11 the tables of affinities, which have 
so much engaged the attention of the modems, and which 
are deceitful under the appearancieof accuracy, are there- 
fore merely comparative approximations to truth; for 
they have been constructed upon the supposition that dif- 
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ferent substances possess different absolute degrees of 
affinity to each other, capable of producing the decompo- 
sitions and combinatiqns which o&r. themselves, inde- 
pendently of the proportions of the bodies presented to 
each other. On Uie contrary, to determine the elective 
affinity of different bodies to each other, it is requisite to 
inquire what are the phenomcpa which they offer when 
presented to each other, in different proportions ? These 
phenomena have hitherto been little attended to ; nor has 
much attention been paid to other particular circumstances 
f^hich appear capable of influencing the agency of affinity 
in ^neral, namely, the action of light, electricity, galva- 
nism, &c. 

When these» and the before-mentioned discovery of 
Berthollet for determining the relative strength of affinity, 
are more attended to, they will probably lead to conse- 
quences of the greatest importance. It will oblige che- 
mists to attend more 'closely to the reciprocal action of 
bodies on each other under different cirumstances ; and 
the result must be, the discovery of several laws which 
will greatly facilitate the acquisition and the advancement 
of the science. 

The rapid progress which chemistiy has lately made, the 
multiplicity of its researches, and the scrupulous accura- 
cy of observation with which experio^ents are now con- 
ducted, afford us every reason to hope that this will soon 
be accomplished. {See Appendix No* 7.) 
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(SEE APPENDIX NO. S.) 
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PART X. 



HEAT and cold are perceptions of which we acquire 
the ideas from the senses ; they indicate only a certain 
state in which we find ourselves^ independent of any ex« 
terior object. But as these sensations are for the most 
part produced by bodies around us, we consider them as 
causes, and, juaging by appearances, we apply the terms 
hot or cold to the substances themselves ; calling those 
bodies hot which produce in us the sensation of heat, 
and those cold which communicate the contrary sensation. 

This ambiguity, though of little consequence in the 
common affairs of human life, has led unavoidably to 
confusion and perplexity in philosophical discussions* It 
was to prevent this that the framers of the new nomen* 
clature adopted the word caloric^ which denotes tha( 
which produces the s^ensation of heat. 

SECT. I. 

THEORIES OF HEAT. 

TWO opinions have long divided the philosophical 
world concerning the nature of heat. 

1. The one is, that the cause which produces the sen- 
sation of heat is a real or distinct substance, universally 
pervading nature, penetrating the particles or pores of 
all bodies with more or less facility, and in different 
quantities. 

This substance, if applied to our system in a greater 
proportion than it already contains, warms it, as we call 
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it^ or produces the sensation of heat ; and hetice it has 
been called caloric or calorific. 

2. The other theory concerning heat is that the cause 
which produces that sensation is not a separate or self- 
existing substance ; but that it is merely like gravity a 
property of matter ; and that it consists in a specific or 
peculiar motion^ or vibration of the particles of bodies. . 

The arguments in favour of the first theory have been 
principally deduced from the evolution and absorption of 
heat during chemical combinations ; those of the latter 
are chiefly founded oh the production of heat by friction. 
For it has been observed, that whatever is capable of pro- 
ducing motion in the particles of any mass of matter ex- 
cites heat. Count Rumford* and Professor Davyf have 
paid uncommon attention to this fact, and proved, that 
heat continues to be evolved from a body subjected to 
friction^ so long as it is applied, and the texture or form 
of the body be not altered. 

All the effects of heat, according to this theory, depend 
therefore entirely on the vibratory motion of the particles 
of bodies. According as this is more or less intense, a 
higher or lower temperature is produced ; and as it pre- 
dominates over, is nearly equal » or inferior to the at- 
traction of cohesion, bodies exist in a gaseous, fluid, 
or solid state. 

Different bodies are susceptible of it in different de- 
gress, and receive and communicate it with different ce- 
lerity. From the generation, communication, and ab- 
straction of this repulsive motion under these laws, all the 
phenomena ascribed to heat are explicable. 

Each of these theories has been supported by the most 
able philosophers, and given occasion to the most im- 
portant disputes in which chemists have been engaged ; 
and have contributed in a very particular manner to the 
advancement of the science. The obscurity of the sub- 
ject, however, is such that both parties have been able to 
advance the most plausible arguments. 

Setting aside all inquiries concerning the merits of 
these different doctrines, we shall confine ourselves to 
the general effects which heat produces on different 



* Rumford's Essays, vol. iii. 

t Davy's Es3ay in Beddoes's Medical Contributions, 

VOL. I. 12' 
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bodies. For the phenomena which it presents, and dieir 
relation to each other^ may be investigated with sufficient 
precision^ though the materiality or immateriality of heat 
may remain unknown to us. 

NATURE AND THEOREMS OF HEAT. 

This premised, those who consider heat as matter, as-, 
sert that caloric exists in two states, namely in combina-^ 
tion, and in a radiant state or at liberty. 

In the first state it is not sensible to our organs^ nor 
indicated by the thermometer; it forms a constituent 
part of the body ; but it may be brought back to the state 
of radiant or sensible heat. In this state it affects animals 
with the sensation of heat. It therefore has been called 
sensible or free heat, or fire ; and is synonymous with un- 
combined caloric, thermometrical caloric, caloric of tem- 
perature, interposed caloric, &c. expressions now prettj^ 
generally superseded. 

From the diversity of opinions among chemists re- 
specting the nature of caloric several other expressions 
have been introduced, which it is proper to notice. For 
' instance, by specific heat is understood the relative quan- 
tities of caloric contained in equal weights of different 
bodies at the same temperature. Latent heat is the ex- 
pression used to denote that quantity of caloric which a 
body absorbs when changing its form. It is, however, 
more properly called caloric offiuidity. The disposition 
or property by which different bodies contain certain 
quantities of caloric, at any temperature, is termed their 
capacity for heat. By the expression of absolute heat is 
understood the whole quantity of caloric which any body 
contains. These terms shall be more fu&y considered 
hereafter. 

Before we proceed further we shall briefly notice the 
various methods of exciting heat, and then endeavour to 
examine its general properties. 
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SECT. U. 

METHODS OF EXCITING AND COLLECTING 

HEAT. 

OF the different methods of e^^citilng hea^ the follow- 
ing are the most usuaL 

1. PRODUCTION OP HEAT BY PERCUSSION, 

OR COLLISION^ 

This method of producing heat i&the simplest, and 
therefore it is generally made use of in the common pur- 
poses of life for obtaining fire. , 

When a piece of hardened steel is struck with a flint, 
some particles of the metal are scraped away from the 
mass, and 30 violent is the heat which follows the stroke, 
that it melts and vitrifies them. If the fragments of steel 
are cang^ upon paper and viewed with a microscope, 
most of them will be found perfect spherules, and very 
highly polished. Their ^ sphericity demonstrates that 
they have been in a fluid state, and the polish upon their 
surface shows them to be vitrified. 

This evolution of heat by percussion, seems to be the 
consequence of a permanent or temporary condensation of 
the body struck. 

Mr. Dahon* has proved that when air is suddenly con- 
4ensed, a thermometer surrounded by it rises several de- 
grees. Mr. MoUett was the first who observed that a 
small piece of linen^ rolled up, takes fire when put into 
the narrow canal in which the lower extreniity of.a pump 
for condensing air generally terminates*! Mr. North- 
moore has inflamed phosphorus by condensed oxygen gas*^ 

2. PRODUCTION OF HEAT BY COMPRESSION 

OR FRICTION. 

Heat may likewise be excited by mere friction. Wood 
rubbed against wood, or against any hard body ; metal 

* Manchester Memoes, v. 515. f ^^^' ^^ff* ^^- 364. 

i These experiments have proidttced tbe cominon tube aad piston for 
firing^ spunk. * 
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rubbed against metal, or against any other body; in 
short, solid bodies rubbed against each other are thereby 
heated, often so far as to become red hot* The natives 
of New Holland are said to produce fire in this manner 
with great facility, and spread it in a wonderful manner. 
For that purpose they take two pieces of dry wood, one 
is a stick about eight or nine inches long, and the other 
piece is flat; the stick they shape into an obtuse point at 
one end, and pressing it upon the other piece, they turn 
it very nimbly by holding it between both hands as we do 
a chocolate mill, often shifting their hands up and then 
moving them down upon it, in order to increase the 
pressure as much as possible. By this method they get 
fire in a few minutes, and from die smallest spark they 
increase it with great speed and dexterity. 

If the irons at the axis of a coach- wheel are applied to 
each other without the interposition of some unctuous 
matter to keep them from immediate contact, they will 
become so hot when the carriage runs swifdy along, as to 
set the wood on fire ; and the fore wheels being smallest 
and making most revolutions in a given time will be most 
in danger. 

The same will happen to mill* work or to any other ma- 
chinery. 

It is no uncommoQ practice in this country for black- 
smiths to use a plate of iron as an extemporaneous sub- 
stitute for a tinder-box ; for it may be hammered on an 
anvil till it becomes red hot, and will fire a brimstone 
match. A strong man who. strikes quick, and keeps 
turning the iron so that both sides may be equally exposed 
to the force of the hammer, will perform this in less time 
than would be expected. 

If in the coldest season one dense iron plate be laid 
on another, and preA^ed together by a weight, and then 
rubbed upon each other by reciprocal motions, they will 
gradually grow so hot, as, in a short time, to emit sparks, 
and at last become ignited. 

It is not necessary tlfat the substances should be very 
hard, a cord rijbbed backwards and f<>rwards swiftly 
against a post or a tree will take fire. 

Count Rumford*. and Professor Pictetf have uiad«^ 

• Nicholson's Jdurtial (1th edit.) vol. ii. p. 106. 
t Pictet's Essals sQr le ?eu, cliapi ix. 
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some vety ingenious and valuable experiments concerning 
the heat evolved by friction. 

It is asserted, that heat may be produced by friction 
ivhere there is absolutely no oxygen gas whatever ; so 
that in these cases it cannot be derived from the decom- 
position of that gas. This has made several persons sus- 
pect that heat is not the effect of a peculiar substance^ 
called caloric, but that it is only a peculiar motion or vi- 
bration of the particles of bodies. It must, however, be 
considered, that there is no friction which does not pro- 
duce compression, viz. a contraction of the bulk of the 
bodies concerned, at least for a time, and therefore that 
the caloric is squeezed or forced out of the bodies them- 
selves, aiid being communicated to the surrounding bo- 
dies, produces the usual signs of heat. 

What very much corroborates this assertion is, that 
substances which are not compressible, are not heated by 
mechanical force ; thus a flint will only be broken^ but a 
piece of metal will be heated by the strokes of a hammer. 
Thus, also, we noay place any weight upon a quantity of 
water without altering its temperature, because the com- 
pressibility of that fluid is almost nothing; but if we place 
an additional weight upon a quantity of air, the bulk of 
that fluid will be contracted, and its temperature will be 
raised by the compression. 



3. PRODUCTION OF HEAT BY CHEMICAL 

ACTION. 

• 

To this belongs the heat produced by combustion. 
There* are besides this many chemical processes wherein 
rapid chemical action takes place accompanied with a de- 
velopment of heat, or Are and flame. Instances of this, 
kind have been noticed already, page 51. More striking 
experiments will be given in the progress pf this work. 

It has been remarked, that whenever a mixture of two 
or more bodies is attended with heat, the bulk of that 
mixture is less than the sum of the bulk of the separate 
ingredients, viz. a compression or concentration takes 
place, which is accompanied with a development of 
caloric ; viz. if 100 grains of alcohol, of 0,825. specific 
gravity, occupy a space equal to 100, at a temperature of 
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eo^ Fafar. and 100 grains of water, at th^sam^ tempera- 
ture, occupy a volume equal to 82,5 the volume of these 
two fluids, after being mingled and reduced to the origi- 
nal temperature, viz, 60^, will be 177 Al ; a diminution 
of bulk equal to 5,09 has therefore taken place. The 
specific weight of the mixture is 0,93,002* 



4. SOLAR HEAT. 

• 
It is well known that every lens, whether convex or 
plano-convex, will collect by refraction the rays of die 
sun dispersed over its surface into one point or focus, and 
produce the most astonishing effects. 
/'^ Dr. Herschell has discovered, that there are rays emit- 
I ted from the sun which have not the power of illuminat* 
ing or producing vision; and that these are the rays 
which produce the heat of the solar light, besides others 
which have a deoxydating power. 

Consequendy heat is emitted from.the sun in rays ; but 

these rays are not the same with the rays of light, as shall 

be more fully proved hereafter. 

\ The direct rays of the sun on the same spot of the sur- 

[ face of the earth are more or less hot according to the 

time of the year, clearness of the atmosphere, state of the 

wind, and the colour, together with the quality of the spot. 

J ' .^ On this island, and in the hottest time of the summer, 

' - * . *; the direct rays of the sun seldom raise the thermometer 

so high as 1 10^. In other climates, especially within the 

"- f • tropics, they raise the thermometer considerably higher, 

viz. 20 or 30, or as it is said, even 40^ higher than 110. 

But we must not believe the idle stories of their melting 

lead, or even of their setting fire to gunpowder. 

No sensible heat is known to be derived from any other 
/ celestial body* The moon, indeed, on account of the 
M great light it reflects on the earthy mig^t be expected to l 

^ communicate some degree of heat ; but though that 

light, concentrated by a large concaye mirror, has been 
thrown upon the most sensible thermometers, yet I am 
not certain that it ever affected them. A great many '■ 

calculations have been made concerning the proportion \ 

between the light which we receive directly from th^ 
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SU&9 amd that whicik is reflected to us from the moon ; 
-from which it appears that the latter is several hundred 
times less dense than the former; and the heat of both is 
supposed to be in the same proportion. 



5. PRODUCTION OF HEAT BY THE ELEC- 
TRIC SPARK, AND BY GALVANISM. 

The- effects of electricity are too well known ipi this 
point of view to need any description. * 

Galvanism has of late become ia powerful instrument 
for the purpose of exciting heat. Not only easily inflam- 
mable substances, such as phosphorus, sulphur, &c. have 
b^en fired, but likewise gold, silver, copper, tin^ and the 
rest of the metals, have been burnt by means of galvan- 
ism, as was shown by professor Davy in his lectures at 
the theatre of the Royal Institution. 

Such are the principal methods of exciting heat. We 
shall now endeavour to examine experimentally the ef- 
fects which heat produces upon bodies, in general. 

SECT. in. 
GENERAL EFFECTS OF HEAT. 



EXPANSIVE PROPERTY .OF HEAT. 

This is the first and most obvious effect ]vhich heat 
produces on bodies. Experience has taught us, that at 
all times when bodies become hot they increase in bulk. 
The bodies experience a dilatation which is greater in 
proportion to tiie accumulation of caloric, or, in other 

^ words, to the intensity of the heat. This is a general 

law which holds good as long as the bodies have suffered 
no change either in their combination or the quantity of 
their chemical principles. 

This power which heat possesses consists therefore in 

t a constant tendency to separate the particles of bodies. 

i . Hence philosophers consider heat as- the repulsive poxver 
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ivhich acts upon all bodies whatever, and which is in con- 
stant opposition to the power of attraction. 

The phenomena which result from these mutual actions 
seem as it were the secret springs of nature. Heat, how- 
ever, does not expand all bodies equally, and we are still 
Ignorant of the laws which it follows* 

1. EXPANSION OF FLUID BODIES BY HEAT; 

Experiment I. 

Take a glass globe, with a long slender neck called a 
bolt head, fill it up to the neck with water, ardent spirit, 
or any other fluid which may be coloured with red or 
black ink, in order to be more visible, and then immerse 
the globe of the instrument in a vessel of hot water ; the 
included fluid will instantly begin to mount into the neck. 
If it be taken out of the water and brought near the fire, 
it will ascend more' and more in proportion as it becomes 
heated ; but upon removing it from the source of heat, 
it will sink again : a clear proof that caloric dilates it, so 
as to make it occupy more space when hot than when 
cold. These experiments may therefore serve as a de- 
monstration that heat expands ^w£^/ bodies. 

It appears that liquids of the least density expand most 
with the same temperature. Thus hydrogen gas dilates 
more with the same degree of heat than atmospheric air ; 
atmospheric air more than sulphiu*ic ether ; ether more 
than ardent spirit ; ardent spirit more than oil / oil more 
than water ; wat^r more than acids ; and acids more than 
mercury. But if we compare the periods of time neces- 
sary for each fluid to acquire the maximum of rarefaction 
it is susceptible of, there is no law to guide us yet known. 

2. EXPANSION OF AERIFORM BODIES BY 

HEAT. 

Experiment I. 

The expansion oiF air, or any other gaseous fluid, may 
be evinced in the following manner : let a glass retort be 
supported on the ring of the lamp-furnace, so as to suffer 
the neck of it to dip into a basin of water ; if heat be now 



lOOths or lOOOtKs, 8rc. 

By placing the manometer horizontal or vertical, either 
with the bulb downwards or the bulb upwards, the air in 
it may be either left of the natural density, or it may be 
condensed, or, lastly, it may be rarilied ; for when the 
manometer is horizontal, the quicksilver docs neither 
press upon the air of the manometer, nor on that of the 
atmosphere ; when the bulb is downwArds the quicksilver 
presses upon the air of the manometer : and when the 
bulb is upwards, the quicksilver presses against, and coun- 
teracts, m some measure, the gravity A the atmosphere. 
Hence this pressure and this rarefaction of the air within 
the manometer may be increased to any required degree 
by increasing the quantity of the quicksilver within the 
tube ; and thus the expansibility of common, or of con- 
densed, or of rarified air may be tried. 

The expansion of air by the same degrees of heat, dif- 
fers accoKiing to its density, and to the quantity of mois* 
ture it contains ; nor are the increments of its bulk pro- 
portional to the degrees of temperature. 

VOL. I. 13 ^ 
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It appears from colonel Roy's very numerous experi* 
ments,* that 1000 parts of air, of the density of the com* 
mon atmosphere, at 0^ of heat, become 1484,21 at 212% 
viz. are expanded 484,21 by 212«* of heat. 

1000 parts of air loaded with 2^ atmospheres, are ex- 
panded 434 of those parts by 212^ of heat. 

1000 parts of air pressed only with | of an atmosphere, 
are expanded nearly 484 of {hose parts by 212^ of heat* 

1000 parts of air pressed with | of an atmosphere are 
expanded about 141 parts by 180® of heat, viz. from the 
freezing to the boiling point. 

** From these last experiments," says colonel Roy, " it 
would seem, that the particles of air may be so far re- 
moved from each other, by the diminution of pressure, 
as to lose a very great part of their elastic force." 

The above-mentioned expansions are by ho means re- 
gular ; viz. they are not proportional tb the number of 
degrees of heat. The maximum of expansion takes place 
between 52^ and 72% and the minimum is constanuy at 
the boiling point of water. 

•Moist air expands vastly more than dry air, especi^ly 
when it approaches the boiling point of water ; so that be- 
tween 192® and 212®, moist air expands about 8 or 9 
times as much as dry air in similar circumstances. 

On the expansibility of air is foundefd Schmidt's pyro- 
meter. 

Let atmospheric air be freed from moisture by caustic 
alkalies, or oUier bodies, and included in a vessel of platina* 
This vessel A (fig. 3, pi. VI.) which may be made of 
any convenlcivt size, is connected with the tube BB,of as 
fine a bore as possible. This tube is also made of platina, 
and reaches ihto a vessel C, which is filled with water up 
to e e^ and into this the tube is fixed air-tight. Out of the 
vessel C rises a glass cylinder G hermetically sealed, in- 
cluding a thermometer, and a graduated tube F F is se- 
cured into the vessel C in a similar manner. 

Experiment II. 

If a bladder be partly filled with air, and the neck of 
it. closely tied, so as to prevent the inclosed air from 

 Philosophical TraflMtctions, vol. Ixvii. art xzxiv. 
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' escaping, and be held near a fire, the air will soon begia to 
occupy more space, and the bladder will become gradually 
distended ; on continuing the expansion of the air by in- 
cr^ing the lieat, the bladder will burst with a loud re- 
|»it. 

3. EXPANSION OF SOLID BODIES BY HEAT. 
Experiment I. 

If we take a bar of iron six incites long, and put it into 
a fire till it becomes red-hot, and tlien measure it in this 
state accurately, it will be found ^ of an inch longer 
than it was before ; that is, about 120th part of the whole. 
That the metal is proportionably expanded in breadth, 
will be seen by trying to pass it through an aperture which 
jt fitted exactly when cold, but which will not admit it 
when red-hot. The bar is therefore increased in length 
and diameter. 

To discover the minutest changes of expansion of heat, 
and the relative properties thereof, instruments have been 
contrived called pyrometers, the sensibility of which is so 
delicate as to show the expansion from -n^ to iT A gff °^ 
an inch. 

. INFERENCES. 

It is owing to this expansion of metals that the motion 
of time pieces is rendered erroneous ; but the ingenuity 
of artists has discovered methods of obviating this inac- 
curacy, by emplBying the greater expansion of one metal 
to counteract die^xpansion of another ; this is effected in 
what is called the gridiron pendulum. Upon the same 
principle a particular construction of watches has been 
contrived. 

The expansion of metals is hkewise one of the principal 
reasons that clocks and watches vaiy in winter and sum- 
mer, when worn in the pocket, or exposed to the open air, 
or when carried into a hotter or a colder climate. For 
the number of the vibrations of the pendulum, are always 
in the sub-duplicate ratio of its length, and as the length 
• is changed by heat and cold, the times of vibration will be 
also changed. The quantity of alteration, when considered 



in a smgle yibr^^on^ is exceedingly smdUt but when they 
are often repeated it will be very sensible. An alteration 
of one thousandth part in the time of a single vibration of 
a pendulum which beats seconds, will make a change .of 
eighty-six whole vibrations in twenty-four hours. 

As different metals expand differently with the samei 
degree of heat ; such musical instruments, therefore, 
whose parts are to maintain a constant true portion, 
should never be strung with different metals. It is on 
this account that harpsichords^ &c. are out of tiBie by a 
change of temperature. 

Bodies which are brittle^ or which want flexibility, 
crack or break if suddenly heated or cooled. This like- 
wise depends upon the expansive force of heat, stretching 
the surface to which it is applied, while the other parts 
not being equally heated, do not expand in the same 
ratio, and are therefore torn sunder, or break* Hence 
thin vessels stand heat better than thick ones. 
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MEASUREMENT OF HEAT. 

Upon the expansive property of heat, which we have 
considered before, is founded its artificial measurement. 
Various means have bee^ therefore employed to assist the 
imperfection of our sensations in judging of the different 
degrees of heat, for our feelings unaided afford but ver}' 
inaccurate information concerning this nuptter ; they indi» 
cate the presence of heat^ only when th#bodies presented 
to them are hotter than the actual temperature of our 
organs of feeling. When those bodies are precisely of 
the same temperature with our body, which we make the 
standard of comparison, we then are not sensible of the 
presence of heat in them. When their temperature is 
less hot than that of our bodies, their contact gives us 
what is called the sensation of cold. 

The effects of heat upon material bodies in general 
which are easily visible to us, afford more precise and de- 
terminate indications of the intensity, than can be derived 
from our feelings alone. The ingenuity of the philoso- 
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pher and artist has therefore fumkbed us with instru- 
ments for measuring the relative heat or temperature of 
bodies* The^e instruments are called thermometers and 
pyrometers^ By these all degrees are measurable, from 
the slightest to that of the most intense heat. 

NATURE OF THE THERMOMETER. 

A thermometer is a hoQow tube of glass, hermetically 
sealed and blown at one end in the shape of a hollow 
globe. The bulb and part of the tube are filled with mer- 
cury, which is the only fluid which expands equally. 
When we immerse the bulb of the thermometer in a hot 
body, the mercury expands, and of course rises in the 
tube ; but when we plunge it into a cold body, the mer- 
cury contracts and of course ^a/fe in the tube. • 

The rising of the mercury indicates, therefore, an in- 
crease of heat ; its falling, a diminution of it ; and the 
quatitity which it rises or falls, denotes the proportion of 
increase or diminuition. To facilitate observation, the 
tube is divided into a number of equal parts called degrees. 

Further, if we plunge a thermometer ever so often in- 
to melting snow or ice, it will always stand at the same 
point. Hence we learn that snow or ice always begins to 
melt at the same temperature. 

If we plunge a thermometer repeatedly into water kept 
boiling, we find that the mercury rises up to a certain point. 
This is therefore the point at which water always boils^ 
provided the pressure of the atmosphere be the same. 

There are four different thermometers used at present 
in Europe, differing from each other in the number of 
degreed into which the space between the freezing and 
boiling points is divided. These are Fahrenheit's, Reau- 
mur's, Celsius's, and Delisle's. 

The thermometer uniformly used in Britain is Fahren- 
heit's : in this the freezing point is fixed at 32^ ; the boil- 
ing point at 212** above 0«, or the part at which both the 
ascending and descending series of numbers commence. 

In the thermometer which was first constructed by 
Reaumur, the scale is divided into a smaller number of 
degrees upon the same length, and contains not more 
than 80** between the freezing and the boiling points. The 
freezing point is i^xed in this thermometer precisely at O*'^ 
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the tenn between the ascending and the descending series 
of numbers. 100 is the number of the degrees between 
the freezing and the boiling points in the scale of Celsius ; 
which has been introduced into France since the revolu- 
tion, under the name of the centigrade thermometer ; and 
the freezing point is in this as in the thermometer of 
Reaumur fixed at O^* One degree in the scale of Fahren- 
heit appears from this account to be equal to f of a degree 
. on that of Reaumur, and to f of a degree on that of 
Celsius. 
^ The space in Delisle's thermometer between the freez- 

'- .. ing and boiling points is divided into 150^, but the gradua- 

tion begins at the boiling point and increases towards the 
freezing point. The boiling point is marked O, the freez- 
ing point 150«>. Hence 180 F. « 153 D. or 6 F. = 5 D. 
To redyce the degrees of Delisle's thermometer under 
the boiling point to those of Fahrenheit ; we have F. = 
212 — I D. ; to reduce those above the boiling point F. = 
i 212 4- 7 D. Upon the knowledge of this proportion it is 

' easy for the student to reduce the degrees of any of these 

thermometers into, the degrees of any other of them. 

For chemical purposes the ball and part of the tube should 

^ project some way below the graduated seats, in order 

that they may be placed in liquids, mixtures, &c. 

NATURE OF THE DIFFERENTIAL THER- 

MOMETER. 

This instrument, for which we are indebted to Mr. 
Leslie, is calculated for measuring the minutest variation 
of temperature. Mr. Leslie's differential thermometer 
consists of two glass tubes, each terminating in a small bulb 
of the same dimensionSf joined by the blow-pipe, and 
bent in the form of an U, a small portion of dark -coloured 
liquor (sulphuric acid, tinged red with carmine) having 
previously been introduced into one of the balls. By 
managing the included air widi the heat of the hand, this 
red liquor is made to stand at the point required of the 
opposite tube. This is the zero of a scale fastened to 
that tube^ and divided into equal parts above and below 
nothing. The instrument is then fixed upright on a 
stand. It is manifest, that when the liquor is at rest, or 
points at zero, the column is pressed opposite ways by two 
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portions of air, equal in elas^cy, and contaiaing equal 
quantities of caloric. Whatever heat, then, may be ap- 
plied to the whole instrument, provided both bulbs re- 
ceive it in the same degree, the liquor must remain at rest. 
But if the one ball receives the slight#t excess of tem- 
perature, the air which it contains will be proportionably 
emanded, and will push the liquid against the air in the 
other bulb with a force, as the difference between the 
temperatures of those two portions of air. The equi- 
librium, in short, will be destroyed, and the fluid will rise 
in the opposite tube. The degrees of the scale tlirough 
which it passes will mark the successive augmentations 
in the temperature of the ball, which is exposed to the 
greatest heat. Tliis instrument, therefore, is truly a ba- 
lance of extreme delicacy, for comparing the tempera- 
tures with which its two scales may be loaded. 



NATURE OF THE PYROMETER. 

To measure those higher degrees of heat to which the 
thermometer cannot be applied, there have been other 
instruments invented by different philosophers j these are 
called pyrometers. The most celebrated instrument of 
this kind, and which has been adopted into general use, 
is that invented by the late ingenious Mr. Wedgwood. 

This instrument is also sufficiendy simple. It consists 
of two pieces of brass fixed on a plate so as to be -^ of an 
inch asunder at one end, and ^ at the other : a scale is 
marked upon them, which is divided into 240 equal 
parts, each ^ of an inch ; and with this his gauge are fur- 
nished a sufficient number of pieces of baked clay> which 
must have been prepared in a red heat, and must be of 
given dimensions. These pieces of clay, thus prepared, 
are first to be applied cold, to the rule of the gauge, that 
there may no mistake take place in regard to their dimen- 
uons. Then any one of them is to be exposed to the heat 
which is to be measured, till it shall have been completely 
penetrated by i(. It is then removed and applied to the 
gauge. The difference between its former and its present 
dtmensions will show how much it has shrunk ; and will, 
consequendy, indicate to what degree the intensity of the 
heat to which it was exposed amounted. 
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High temperatures can dius be ascertained with accu- 
racy. Each degree of Wedgwood's pyrometer is equal 
to 130<* of Fahrenheit's. 

GuYTON has lately invented a pyrometer for measuring 
the highest degreft of heat of our furnaces, consisting of 
a lever of platina moved by the expansion of a bar of the 
same metal, the whole being supported on a mass of baked 
clay. It consists of a rod of platina placed horizontally in 
a groove fortned in a cake of white clay highly baked. 
This plate is supported at one of its extremities on the 
part of the mass which terminates the groove ; the other 
end presses against a bended lever, whose longest arm 
fomis an index to a graduated arc ; so that the change of 
position of this index indicates the expansion produced 
on the plate of metal by the heat. 

The pake of clay having been highly baked, leaves no 
cause to apprehend any contraction ; and the expansion 
which may take place during the ignition will only effect 
the very small distance between the axis of motion of the 
index and the point of contact of the plate, that is to ^ay, 
in such a manner as rather to diminish the effect than to 
increase it. 

All the parts of this instrument being of platina, nei- 
ther fusion nor oxydation is to be apprehended. 

With respect to its dimensions^ tfie author conceives 
that, in order to render the use of it commodious and ac- 
curate, they should be reduced to such as may be neces- 
sary to obtain sensible variations ; it will then be render- 
ed commodious by the facility with which it may be placed 
under a mufBe or an inverted crucible, &c. and acciu^te, 
because the probabilities of any accidental inequalities of 
the heat will be diminished, which it is impossible to avoid 
to a certain extent, even in the midst of a large mass of 
fire. 

The variations will be sufiiciendy preceptible, if we 
can not only estimate, but correctly determine expansions 
of the 200th part of a millimetre (about the 500th part of 
an inch) these the author obtains by the proportions of 
the instrument which he has himself adopted. 

The rod or plate of expansion is 45 millimetres (one 
inch and three quarters) in length, 5 in width (one fifth 
of an inch) and 2 in thickness (one thirteenth of an inch.) 

The arm of the bended lever, which presses against the 
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end of this rod, ia 35 millimetres in l«n^th ; (t 
or about one ninth of an inch) and the arm at 
gles to it, or the jndext which traverses on the g 
arc, is 50 millimetres in length (one inch and eigt 
or twenty times the leng;th of the other. The ( 
, versed by the displacing of the small arm will hi 
creased, in the propoition of t to 20. 

As the long arm or index carries a nonius ^ 
. vides each degree on the graduated arc into ten 
can distinctly observe the 200th of one of those 
(referred to the bar itself.) 

Lastly : as the decimal division of an arc of a 

50 millimetres radius, gives only 7.8538 deci-m 

' for one of its degrees, it is evident, then, tha 

- measure an expansion of 0.07833S deci-millia 

, of the 5r30th parth of the length of the radius. 

In order to prevent the position of the index 

ing changed in removing the instrument from 

nace, a plate of platiiia is fixed so as f.o form 

against its extremity. 

The author has commenced a series of exper 
determine the range of this pyrometer, to compa 
the pyrometic pieces of Wedgwood, and so to 
degree of confidence it merits, the methods of m 
the cases in which it may be usefully employed 
sophical researches, and in the arts. 

SECT. r. 

EXCEPTIONS TO THE EXPANSION BY 
HEAT. 

Philosophers have noticed a few exceptions to the law 
of heat expanding bodies. For instance, water when 
cooled down to the freezing point, instead of contracting 
on the further deprivation of heat, actually expands. 

Another seeming exception is manifested in alumine or 
clay ; others occur in the case of cast iron, and various 
other metals. Alumine contracts on being heated, and 
cast-iron, bismuth, &c. when fuUy fused are more dense 
than when solid i for as soon as diey become so they de- 
crease in densi^ : they expand in the act of cooling; and 

VOL. I. 14 
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hence the sharpness of figured upon iron which has been 
cast in moulds, compared to that a£ other metals. 

Some philosophers have persuaded themselves that 
these exceptions are only apparent^ but not really true* 
They say when water freezes, it assumes a crystalline 
form, the crystals cross each other and cause numerous 
vacuities, and thus the ice occupies more space. The 
same is the case with fused iron, bismuth, and zinc. The 
contraction of clay is owing to the loss of water, of which 
it loses a part at eveiy increased degree of temperature 
hitherto trred : there is, therefore, a loss of matter ; and 
a reduction of volume must follow. 

Mr. Tilloch*^ has published a brief examination of the 
received doctrines respecting heat and caloric, in which 
these truths are more fully considered, together with 
many other interesting facts relative to the received no- 
tions of heat. 

SECT. VI. *. 

EQUAL DISTRIBUTION OF HEAT. 

It was stated before that all bodies are permeable to 
heat, and that it has a constant tendency to diffuse itself 
over matter till an equilibrium of temperature is establish- 
ed. It is impossible to accumulate it in any body beyond 
a certain degree, or to preserve it in that accumulated 
state* 

Iff therefore, a number of bodies of different tempera^ 
tures are placed in contact with each other, they will all 
at a certain time acquire a temperature whidi is the mean 
temperature of the different substances ; the caloric of the " 
hottest body will diffuse itself among those which are 
heated in a less degree till they have all acquired a certain 
temperature. Thus, if a bar of iron which has been made 
red-hot be kept in the open air, it does not retain the heat; 
which it had received, but becomes gradually colder and 
colder, till it arrives at the temperature of the bodies in 
its neighbourhood. On the other hand, if we cpol down 
the iron bar by keeping it for some time covered with 

* Philosophical Mag&ziiie,3(ay» 1800, p. 78. 
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our organs of feeling* Hence if we immerse our hand in 
mercury we feel a greater sensation of cold than when we 
immerse it in water, and a piece of metal appears to be 
much colder than a piece of wood, though their tempera- 
tures when examined by means of the thermometer are 
precisely the same. 

It is probable that all solids conduct heat in some de- 
gree, though they diifer very much in their conducting 
power. Metals are the best conductors of heat ; but the 
conducting powers of these substances are by no means 
equal. Stones seem to be the kiext best conductors. 
Glass conducts heat very slowly ; wood and charcoal still 
slower ; and feathers, siik, wool, and hair, are still worse 
conductors than any of the substances yet mentioned. 

The best conductors of electricity and galvanism are 
^o the be^t conductors of heat. 



Experiment L 

TaVe a number of straight wires of equal diameters 
smd lengths, but of different metals, for instance, gold, 
silver, copper, iron, &c. cover each of them with a thin 
coat of wax or tallow^ and plunge their extremities iiito 
water kept boiling, or into melted lead* The melting of 
the coat of wax will show that caloric is more quickly 
transmitted through some metals than others. 

It is on this account, also, that the end of a glass rod 
may be kept red-hot for a long time, or even melted with-* 
out any inconvenience to the hands which holds the other 
extremity ; though a similar metallic rod heated in the 
$ame manner would very soon becomq^too hot to be held. 

The preceding observations apply only to the conduct- 
ing power of solids. With respect to fluids, two opinions 
are at present entertained ; one which considers them as 
capable of conducting caloric, though very imperfectly ; 
the other which supposes them absolutely impermeable to 
this power. 

Coimt Rumford was the first who endeavoured to prove 
that fluids in genersd, and aeriform bodies, convey heat on 
a different principle from that observed in. solids. Accord- 
ing to this philosopher, caloric is propagated through fluids 
solely by the succe^ive and actual application of the fluid 
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of carrying' or transporting caloric ; in consequence of j 

which they acquire heat, independent altogether of any ^ 

conducting power, according to count Rumford's theory, 
and hence all fluids are considered by him, as stated be*' 
fore^ in a similar respect as absolutely non-conductors of ca- i 

loric. , They can receive it from substances, andean give 
it to other bodies, but no particle can either receive it from, 
or give it to, another particle* Before a fluid, therefore, j 

can be heated or cooled, every particle, as stated before, ' 

must go individually to the very substance from which it 
receives, or to which it gives^ caloric. Heat being there- 
fore only propagated in fluids in consequence of the inter- 
nal motion of their particles which transport the heat ; 
the more rapid these motions are, the more rapid is the 
communication of heat. The cause of these motions is 
the change in the specific gravity of the fluid, occasioned 
by the change of temperature, and the rapidity is in pro- 
portion to the change of the specific gravity of the liquid 
by any given change of temperature. The following ex- 
periment has been advanced to illustrate these facts. 

^ - Experiment II. 

Take a thin glass tube, eight or ten inches long, and 
about an inch in diameter. Pour* into the bottom part 
for about the depth of one inch, a litde water coloured 
with Brazilwood or litmus, and then fill up the tube with 
common water, extremely gently, so as to keep the two 
strata quite distinct from each other. Having done this^ - 
heat the bottom part of the tub^ver a lamp, the coloured 
infusion will then ascend and gradually tinge the whole 
fluid ; the water in the upper part of the tube may be 
made to boil, but the colouring matter will remain at the 
. bottom undisturbed. The heat cann6t act downwards to 
make it ascend. 

By thus being able to make the upper part of a fluid 
boil, without heating the bottom part, water may be kept 
boiling for a considerable time in a glass tube over i(ce 
without melting it. 

Other experiments illustratmg the same principle may 
be found in count Rumford's Essays^ especially in essay 
the nh, 1797. 
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The results of his experiments, which are contained in 
the above essay, are highly interesting ; but experiments 
lately made on the same subject, have sufficiently con- 
vinced us, that the Count's position is founded in error t 
they do not prove that fluids are non-conductors, but 
rather the contrary : all liquids whatever are capable of 
conducting caloric. When the source of heat is applied 
to their surface, the caloric gradually makes its way down- 
wards, and the temperature of every stratum graduaBy 
diminishes from the surface to the bottom of the liquid. 
The increase of temperature^ in this case, is not owing to 
the carrying power of the fluid* By that power, caloric 
may, indeed, make its way upwards through fluids,' but 
certainly not downwards. Liquids, then, are conductors 
of caloric. This, however, will become more evident 
from the following experiments made by Dr. Thompson 
and Mr. Murray, and Mr. Dalton. 

That liquids are conductors of caloric. Dr. Thompson 
proved in the following manner. The liquid whose con- 
victing power was to be asceitained, was poured into a 
glass vessel till it filled it about half way ; then a hot li- 
quid of a less specific gravity was poured over it. Ther- 
mometers were placed at the surface, in the centre, and 
at the bottom of the cold liquid ; if these rose, it followed 
that the liquid was a a conductor, because the caloric. made 
its way downwards. For instance, to examine the con- 
ducting power of mercury, a glass jar was half filled with 
that metal, and boiling water then poured over it. The 
thermometer at the Surface began immediately to rise, 
then the thermometer at the centre, and lastly that at the 
bottom. The first rose to 118S the second to 90«>, the 
third to 86^ : the first reached its maximum in l', the 
second in 15', the third in 25'. The conducting power of 
water was tried m the same manner, only hot oil was 
poured over it. A variety of precautions were necessary 
to ensure accuracy ; but for thes^ we refer the reader to 
the experiments themselves, which are detailed in Nichol- 
son's Journal.* 

These facts have been since confirmed by a very ingeni- 
ously contrived and convincing experiment made by Mr. 



* Nicholson's Journatl^ iv. s. 29. 
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Murray. To prevent the possibility of any heat being 
conducted by the apparatus, he employed a jtressel of ite, 
which is incapable of conducting any degree of heat greater 
than 32®. In this vessel Mr. Murray made experiments 
of the same nature with those just mentioned^ and the 
result was the same. The thermometer constantly rose 
upon the application of a hot body to the surface of the 
liquid in which the thermometer was standing."* Mr. 
Dalton has likewise published lately a set of experiments 
almost exactly of the same nature with Dr. Thomps6n's, 
and with the same result. From the ds^te affixed to his 
paper we learn, that his experiments had been made, and 
an account of them read to the Manchester Society just 
about the same time that Dr. Thompson was drawing up 
an a,ccount of his ; though they were not published till 
about two years after.f 

Fluids, then, so far as experiments have been made, 
are conductors of caloric as well as solids. Hence it fol- 
lows that all bodies with which we are acquainted are 
capable of conducting caloric. • 

On the bad conducting power of« different bodies is 
founded the well-known facts, that of the different sub- 
stances used in clothing, hares fur and eider-down are 
the warmest; next to these, beavers fur, raw silk, sheeps 
woolf cotton- wool, and, lastly, lint or the scrapings of fine 
linen. In fur the air interposed among its particles is so 
engaged as not to be driven away by the heat communi- 
cated thereto by the animal body ; not being easily dis- 
placed, it becomes a barrier to defend the animal body 
from the external cold. 

Hence it is obvious that those skins are warmest which 
have the finest, longest, and thickest fur ; and that the 
furs of the beaver, otter, and other like quadrupeds which 
live much in the water, and the feathers of water-fowl, 
are capable of confining the heat of those animals in wih- 
ter, notwithstanding the coldness of the water which they 
frequent. 

Belars, and^ various other animals, inhabitants of cold 
climates, which do not often take the water, have th^ir 
fur much thicker on their backs than on their bellies. 

* Manchester Memoirs, V- f ^^i^* ^^^' ^- 
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The snow, as a light pnoak body^ which covms tbi 
surliue of the canh m wioGcr in high latitude*^ is doubt>> 
less designed as a garment to defend it against the forc- 
ing winds Irom the pcdar regions which prCvaU dwing 
the cold seaaon. 

Widiout dwelling fiiFthcr upon the philosophy o£ this 
truth, we must briefly remark that the happy aii^iciition 
of this law satisfactorily elucidates some of the most in- 
teresting facts of the econoniy of nature. 



THEORY OF CALORIC OF FLUIDITY, 
OR LATENT HEAT. 



THERE are some bodies which, when submitted to 
the actitm of caloric, dilate to such a degree, ud the 
power of aggregation subaistiug among their particles is . 
so much destroyed and removed to such a distance by the 
interposiuon of caloric, that they slide over each other 
in every direction, and therefore aj^ear in a fluid state. 
This phenomenon is called yiuion. Bodies thus rendered 
fiuid by means of caloric are said to bejiised, or melted; 
and those that are subject to it are c^HaiJitsHtigt 

The greater number of solid bodies may, by tbc apf^> 
catioD of heat, be converted into fluids, and mosc probiH 
bly all would be so were we able to excite a suffident de- 
gree of heat. Thus metals may be fused ; sulphur^ reaia, 
phosphorus, may be melted ; ice may be converted into 
water, &c. 

Those bodies which cannot be rendered fluid by any 
degree of heat hitherto known are called ^A^r^, orin/uii&Zr. 

If the eifects of heat under certain circumatances be 
carried still further than is necessary to render bodies 
fluid, vaporization begins ; the bodies ^en beconut con* 
verted into the v^oroua or gaseous state. VaporiSatioa, 
however, does not always require a previous fiisioua Some 
bodies are capable of being converted into the vjqiorous 

VOL. I. 15 
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slate without previously becoming fluid, smd otihers can- 
Wt be volatiiized at any temperature hitherto known. 

Fluidity is, therefore, by no means essential to any spe* 
cies fjli matter, but always depends on the presence of a 
quantity of caloric. Solidity is the natural state of all bo- 
dies, and there can be no doubt that every fluid is capa- 
ble of being rendered solid by a due reduction of tem- 
perature ; and every solid may be fused by the agency of 
caloric, if the latter do not decompose them at a tempe- 
rature inferior to that which would be necessary for 
llieir fusion. 

CALORIC OF FLUIDITY. 

Dr. Black was the first who proved that whenever ca- 
loric combines with a solid body, the body becomes heat- 
ed only until it is rendered fluid ; or that whenever it has 
acquired the fluid state its temperature remains station* 
ary* though caloric is continued to be added to it. The 
same is the case when fluids are converted into the aeri* , 

form or vaporous state. i 

From thesie facts the laws of latent heat have been in- 
fened. The theory may be illustrated by means of the 
following experiments : 

Experiment I. 

If a lump of ice at a low temperature, suppose at 22^, be 
brought into a warm room* it will become gradually less 
cold, as may be discovered by means of a thermometer. 
After a very short time it wiU reach the temperature of 
229 (the freezing point) but there it stops. The ice 
tkefO begins to melt ; but the process goes on very slowly. 
Duriiig the whole of that time its temperature continues 
at 32** ; and, as it is constantly surrounded by warm air, 
we have reasim to believe that caloric is constandy enter- 
rog into it ; ytt it does not become hotter till it is changed 
mto water* Ice, therefore, is converted into water by a 
quantity of caloric uniting with it. 

It has been found by calculation that one pound of ice 
in melting absorbs 140" of caloric, the tempen^ure of the 
water produced still remaining at d2<». 

This fact may be proved in a direct manner. 



A nuinber of experiments, have been lately made bv 
different philosophera, in order to produce amficial cola. 
And as uiese methods are often employed in cbeoaistry 
widLa view.to expose bodies to. the influence of very low 
tempentureSf ve shall enumerate the 41^>^°t substan- 
ccB which may be made use o( fop (h^t puipose, and die 
degrees of cold which they are caf^ble^f oroducing^ We 
fire indebted far them to Pepys, Watlcer, and If QWJffK* 
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TABLE OF FREEZING MIXTUIIES. 



v 



Muriate of ammonia SpscrtM 
Nittate of potash • • 5 
Sulphate of sAda • • 8 
Water 16 



*mimmmmit*mmkmmmmt^ 



JSxtures, 



Muriate of ammonia 5 parts 
Nitrate of potash • • S 
Water 16 



4«U. 



Sulphate of sodeT . • Sparts 
Diluted nitric acid • 2 



4b 



ii»ii 



.4--!^ 



Thermometer sinks* 



From 50» to 10». 



From 50<> to 4<>. 



^» 



From 50* to 3*. 



Sulphate of aodtt . • 8 parts i? _ ,^„ ^ ^o 
Muriatic adSd '. v . 5^^^^^^ ^^" *^ ^ " 



^>«^M^»«ta 



Sno# • • • • ; •>' • Ipart 
Muriate of isoda i it 



Snow or pounded ice 2parts 
Muriate of soda • • 1 



Snow or pounded ice 1 part 
Muriate of soda • • 5 
Muriate of ammonia & 
Nitrate of potash • • 5 



ji 



dtmm 



From 32*^ to 0?. 



« 



riiii i[ ii. 



Prom 0« to — S"*. 



From — 5»to— 18S 



J 
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TABLE OF FBEEZING MIXTC] 



Mxtur^. ..: 


7 


Snow or pounded ice 12parta 
Muriate of soda . 5 
Nitrate of apimQoia S .. 


Frt] 


Snow and 
Diluted nitric aad 


From 0« to— «•. 


Muriate of lime . 3 parts 
Snow . . . . 2 


Prom »8«to— 50". 


Potash .... 4 parts 


From aa«. to— 51'. 


Snow > . . . S parts 
Diluted nitijc acid J_i . . . 


From— lO'to— 56?. 


Si^w . ' . . . ; ' 1 part 
Diluted sulphurisjcidl;  


From 20" toi— 60* 


Muriate of lin^e , S parts 
Snow ..... 1 


From 0» to— 66". 


Muriate of Lime . 3 p^ita 
Snow .' . . . . 1 


From— 40" to— 73". 



~7 



/ 



/' 
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TABi£ OF FBEEZING MIXTCrRES CONTINUED. 



Dilut. sulphuric acid 10 pans « 
Snow 8 ^ 



Mixtures* 



Thermometer sinAs. 



rom— «8« to— 91^ 



Nitrate of ammonia 
Water . . 



1 part 



From 50* to 4**. 



• • 



• 



Nitrate of ammonia 
Carbon;itei)f soda • 
Water . 



• • • 



Ipdfl 
1 

1. 



From 5(y> to 3<^. 



Sulphate of sodi^ » 6 parts 
Muriate of ammonia 4 
Nitrate of potash •* 2 
Diluted Nitijk: acid 4 



.Eram50<»tol0?. 



Sulphate of soda • 6paf@ 
Nitrate of Ammonia 5 . 
Diluted nitric acid • 4 



From 50« to 14^. 



Phosphate of soda 9 parts 
Diluted nitric s^eid • 4 



Frojn^O^.to 12<>. j 



Phosphate of soda 9 parts 
Nitrate of ammoiua 6 
Diluted nitric acid • 4 



From 50* to 21 ^ 



• • • 



Sulphate of fiioda • 5 parts 
Diluted sulphuric acjd4' 






From 5,0S ,to 3^ 
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MANAGEMENT OF THE PRECEDING MIX 
TURES FOR PRODUCING COLD. 



To produce the effects before stated, the salts must be 
reduced to powder^ and contam their fuB quantity of water 
of crystallization. The vessel in which the freezing mixr , 
ture is made ishouU be very thin, and just large enough to 
hold it ; and the materials shoidd be mixed together as 
expeditiously as possiUe, tiiking care to stir the mii^ture 
at the same time with a rod of glass or wood. 

In order to obtain the fuU effect, the materials ought 
to be first cooled to the temperature marked in the tabk, 
by introducing them^ into some of the other frigorific 
mixtures, and then mingling Aepi together in a similar 
mixture. If,- for instance, we wish to produce 3=: •— > 46f , 
the snow and diluted nitric acid ought to be cooled down 
to 0**, by putting the vessel which contains each of them 
into the fifth freezing mixture in the above table befoise 
they are mingled together. If a more intense cold be 
required, the materials to produce it are to be brought 
to the proper temperature by being previously placed in 
the second freezing mixture. 

This process is to be continued till the required degree 
of cold has been procured. 



SECT. IX. 

CONVERSION OF SOLIDS AND FLUltiS INTO 
THE AERIFORM OR GASEOUS STATE. 



We have seen before that in order to render solids 
fluid, a certain quantity of caloric is necessary, which 
combines with the body, and therefore cannot be measured 
by the thermometer ; we shall now endeavour to prove, 
that the saifne holds good in respect to the conversion of 
solids or fluids into Uie vaporous or gaseous states 
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CONVERSION OF SOLIDS INTO THE CASE. 

' OUS STATE. 

EZPEKIMENT I. 

Take a small quantity of carbonate of ammonia, in- 
troduce it into a retort^ the neck of which is directed 
under a cylinder filled with mercury and inverted in a 
basin of the same fluid. ■. On applying' heau to the bcxly 
of the retort, the carbonate of ammoma willbe volatilized^ 
it will expel the mercury out of the cylinder, and become 
an invisible gas, and would remsun so, if its temperature 
was not lowered. 

The same is the case with benzoic acid, camphor^ and 
various other substances. 



SECT. X. 

CONVERSION OP FLUIDS INTO THE CASE- 

OUS STATE. ^ 

«it * > 

All fluids may, by the application of heat, be convert- 
ed into an aeriform elastic state. 

When we consider water in a boiling state, we find that 
this fluids when examined by the thermometer, is not 
hotter after boiling several hours than when it began to 
boil, though to maintain it boiling a brisk fire must neces- 
sarily, be kept up. What then, we may ask, becomes of 
the wasted caloric ? It is not perceptible in the water, nor 
is it manifested by the steam ; for the steam, if not com- 
pressed, upon examination, is found not to be hotter than 
boiling water. The caloric is therefore absorbed by the 
steam ; and although what is- so absorbed is absolately 
necessary for the conversion of water into the form of 
steam, it does not increase its temperature, and is there- 
fore not appreciable by the thermometer. 

This conclusion is further strengthened by the heat 
given out by steam on its being condensed by cold. This 
is particularly manifested in the condensation of this fluid 
in the process of distilling, where, upon examining the 
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„' ,Fefrig(fratoiy, it will be found that a much greater quan- 

> tity of c^oric i^ communicated to it than could possibly 

, have been/ transmitted by the coloric which was' sensibly 

^rting before the condensation. 'This may be easily ascer- . 

ftained by obserying-the quantity of /:aloric communicated 

*^'' to the water in the refrigeratory of a sull, by any ^ven - 

, quantity of liquor that passes oVer it. -,•■  

1.^ Tie ioiUng'^iitts of different Jluida are infuenced 6tf '■ 

.  e' atmolpheric treasure, ° '» ',  • 

* The boiling point, or the con versioii of fluids info gases 
.""or Vapours, always takeg* place at certain tein^r&tureSf ' 
. which Is. different ill different 'fluidSy provided , the prei"- 
- sure of (he atmospl«;rE he the same. " ' ^ ' '.*'.'■ 

■\- '■ ' - ■" ^ ^xpesimWf I.-- .  4 .•-..., 

'^ut afiy ^y^tj^fy ,of sulphiiric^ ether« ipto^a^ florence' 

, flask, suspend a^ thermometer in it, and, hold th«!'fla^ 

over Sfi Argand's lamp ; the etfeer will immediately begin 

, to boil, and the therinometer will indicate" 98" if th^ether 

, has been' highly i^ecti&ed. ^. 

.^Experiment II. 

If highly rectified ardent spirit is heated in a similar 
• manner, the thermometer wHt rise to- 176", and thsre. 
remain stationary, ^ - '- 

£xPZItIH£NT III.  

If wsUer is substituted, it will rise'to 213". 

Experiment IV. -. ' *  

If strong nitrous acid of commerce be made use of, it 
will be found to boil at 248^ ; sulphuric acid at 546" ; 
and mercury and linseed .oil at 600?", &c. 

2. The hoilifig- point of fluids is retarded by pressufe. 

Mr* Watt heated water under astrong pressure to 4O0*, 
'Yet still, when the prcssbre was, removed, only part of 
the water was' converted into vapour; and the tempera- 
ture of this vapour,^ well as that of die remaining fluid, 
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was no more than 212?. There were therefore 188^ -of ^ ;v 

caloric suddenly lost. This caloric was c^ried off by the • * 

steam. iSJow as only about \ of the. water w^ converted i « 

•into steam, that steam must contain not only its owti^ . 

1S8* but also the 188^ lost by ^ach of .the other four ^ 

parts; that is to say/ it' must contain 188^ X 5, or about '« 

*940<^. SteamV therefore, is water combined with at least , . ' '^ 

^940" ni ca^oriC) .the prea^nce of which is not indicated hf ' ' 

tJie thermometer^ - ' . . * . . 

5. When pressure ^ removed Jrom the surface of bodie% 
their conversion info the gaseous state, is gr/^utly faoUi" • 
tated^ or their boiRriff potiit is hwered. . . • , 

 • * . * . i ^ -. , ' . 

In jM-oof of this the following experiments may seryc. 

Experiment F. 

I^et a small bottle be filled with highly rectified sul- 
phuric ether, and a piece x>f wetted bladder be tied over 
its orifice around its n€ck. Transfer it under thf roceiv- ^ 
er of an air-pump, and takt away the ^ superincumbent ' 
pressure of the air in the receiver. When the exhaustion 
is complete, pierce the bladder by means of a pointed 
sliding wire, passing through a collar of leather which 
covers the upper opening of the receiver. Having done 
thi^ the. ether will instantly begin to boil, and becoih& 
converted into an invisible gaseous fluid. 

El^ERIMENT IL , 

Take a small retort- or Florence flask, 611 it one half or 
less with water, and make it boil over a ' lamp : when 
kept briskly bc^ng for about five minutes, cork the mouth 
of the retort as expeditiously as possible, and remove it 
from the lamp. m * 

The water, on being removed from the source of heat, 
will keep boiling for a few minutes ; and when the ebul- 
lition begins to slslcken, it may be renewed by dipping f 
the retort mto cold water. - ^ 

The water during boiling becomes converted into va- 
pour : this vapour expels ^e air of the vessel, and occu« 
pies its place ; oh dmunishing the heso^ it condenses ; when 
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thf retort is stopped^ a partial vacuum is formed, 'tb^ 
pre$3ur& becomes diminished, and a less degree ^l^eat is 
sufficifiDt to caiisf an ebullitionv-: 

For die same reason, water may be madc^to boil undejr 
the exhausted receiver at 94^ Fahr. or even at a mUch 
loyrer dbgree ^ altohol at 56^^ and ether at *-— 20<^. 

On the conversion of fluids into gases is founded the 
following; experiment : 

. ' • £XFERIl(l£NT III,  

Ta freeze water by 'means of sulphuric ether. 

'  , •  

Take a thin glass tube, four or five inch& long and 
about two or three eights of an inch in diameter, and a 
two ounce bottle^ furnished with a capillary tube fitted to 
its neck. In order to make ice, pour a little water into 
the tube ; taking care ii<)t to wet ^e outside^ por to leave 
it moist. Having done this, let a stream of sulphuric 
ether 'fall throtigh the capillary tube anon that part of it 
containing the water, which by this means will be 
converted into ice in a few minutes ; and this it will do 
even near a fire, or in the midst of summer* 

If the glass lube containing the w^ter be exposed to the 
brisk thorough air or free draughCof an open windw, a 
large quantity of water may be frozen in a shorter time : 
and if a thin spiral wire be intvoduoed previous to the 
congdation of the water, the ice will adhere to it, and 
may thus be drawn out conveniently. 

A person might be easily frozen to death during; very 
warm weather, by naerely pouring upon his body for some 
time sulphuric ether, anid keeping him exposed to a tho- 
rough draught of air. 

ARTIFICIAI- REFRIGERATION. 

*TTie cooling or refrigeration of rooms in the summer 
season by sprinkling them with water, becomes likewise 
obvious on this account. 
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The method of making ice artificially in the JEast Indies 

Depen4s on the same principle* The-ice makers at 
Bienares dig pits in large open plains, the bottom of which 
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they stjjpw with sugar canes, or dried stems of maize pr 
Indian com. Upon this bed they place a number of un- ' 
glazed pans, made of so- porous an eart|i that the watet 
penetrates through their whole substance. These pans " 
are filled towards evening, in the winter season, with water 
that has boiled, and left in -that situatlion till looming, 
when more or less ice is found in them, according to« the 
temperature of the air ; there being more formed in dry. 
and warm weather «than in that which is dloudy, though 
it may be colde&to the hum^n body. 
c Every thing in this process is calculatecf to produce cold 
hy evaporation ; the beds on which the pans are placed ^ 
suffer the air to h^ve a fr^ passage to their bottoms ; and 
the pans constantly oozing out water to their external sur-^ 
face, are cooled hy the evaporation of it^ 

In Spain they use a kind of earthen jars called buxaros^ 
wl^ich are only half-baked ; the earth of which is so por* 
ous, that the outside is kept moist by the water which 
filters through it, and though placed in the sun, the water ' 
in the jar becomes as cold as ice.^ 

It is a common practice in China to cool wine or othej 
liquors by wrappipg the bottle in a wet cloth^ and hang^ 
ing it up in the sun. The water in the cloth becomes 
converted into vapour, and thus cold is produced. 

The blacks in $enegaftibia have a similar method of 
cooling water, bv filling tanned leather bags with iti which 
they hang up m the ^un ; the water oOzes more or less 
through the leather, so as to keep the outward stirface 
wet, which, by its quick and continued evaporation, cools 
the water remarkably. 

The winds on the border^ of the Persian Gulph are 
often so scorching, that travellers are suddenly suffocated 
unless they cover their heads with a wet cloth ; if this be 
too wet they immediately feel ai»v intolerable cold, which 
would prove fatal if the moistu]|:e was not speedily dissi- 
• pated by the he^t. 

If a cold vessel is brought ipto a warpci room, particu- 
larly where many people are assembled, the outside of it 
will soon become covered with a sort of dew. 

Before some changes of weather the stone pavements, 



* Twiss's Travi6ls through Portugal and Spain. Similar jars are now 
made in this country. 
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of the mixture* To attain the arithmetical mean veiy 
exactly, several precautions however are necessary.*" 

When heterogeneous bodies of different temperatures 
are mixed together, the temperature produced is never 
' the arithmetical mean of the two original temperatures. 

In order to ascertain the comparative quantities of heat 
of different bodies, equal weights of them are mingled 
together ; the experiments for this purpose being in ge- 
neral more easily, executed than those by which they are 
compared from equal bulcs. 

' -~ Experiment II. , t - 

* 
If one pound of mercury heated to 1 10^ Fahr.4>e added 
to one pound of water of 44<> the temperature of the 
blended fluids will not b^ change^ to 77^^ as it would be 
if the surplus of heat were divided among those fluids in 
the proportion of their quantities. It will be found on 
. examination to be only 47^. 

Experiment III. 

» 

* On the contr&ry, if the pound of mercury be heated 
to 44* and the watery 1 10**, then, on stirring them to- 
gether, the common temperature will be 107®. 
. Hence, if the quicksilver loses by this distribution 63^ 
of caloric^n equal weight of water gains only 3^ from 
this loss Je 63^ of heat. And on the cddfrory^ if the 
water idvs 3^ the mercury gains 63<^. 

When' instead of comparing the quantities of caloric 
* which equal tvetgfits of diH^Ant bodies contain, we com- 
parS ite quantities in eqtta^yg/y^, we still find that the 
same difference takes place* Xjitis itls /ound by experi- 
ment, that the quantity of caloric necessary to raise the 
t^topcrature of a given volume of water any number of 
degrees is to that necess$ai)i(rto raise an equal volume of 
mercury the same number of degrees as 2 to 1. This is 
therefore the proportion between the comparative quan- 
tities of caloric which |bese tmro bodies contain, estimated 
by ' their volumes ; and similar differences exi^t with re- 
spect to every other kind of matter* 

• 

^ Crs^wford on Animal Ueat» p. 95^ &e. 
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are certain, however, that they are refracted by all trans- 
parent bodies which have been employed as burning glas- 
ses. The rays of caloric are also reflected by polished 
surfaces, in the same naanner as the rays of light. 

This was long ago noticed by Lambert, Saussure,* 
Scheele, Pictet, and lately by Dr. Herschel. 

Professor Pictet placed two concave metallic mirrors 
opposite to each other, at the distance of about twelve 
feet. When a hot body, an iron bullet for instance, was 
placed in the focus of the one, and a mercurial thermome- 
ter in that of the other, a substance radiated from the 
bullet : it passed with incalculable velocity through the 
air, it was reflected from the mirrors, it became concen- 
tratedf and influenced the thermometer placed in the 
focus according to the degree of its concentration. 

An iron ball two inches in diameter, heated so that* it 
was not luminous in the dark, raised the thermometer not 
less than ten ana a half degrees of Reaumur's 'scale, ln« 
six minutes. 

A lighted candle occasioned a rise in the thennomet^r 
nearly the same. 

A Florence flask containing two ounces and three 
drachms of boiling water raised Fahrenheit's thermom^er 
three degrees. He blackened the bulb of his thermeme-' 
ter, and found that it was more speedily influenced by 
the radiation than before, and that it rose to a greater 
height. 

M. Pictet discovered another very sin^i^r fact; viz. 
the apparent radiation of cold. When, instead of a heat- 
ed bo4[^, a Florence flask full of ice or snow is placed in 
the focus of one of the mirrors, the thermometer placed 
in {he focus of the othef immediately descends^ and as- 
cends again whenever the cold'body is removed. 

This phenomenon may be explained on the supposition 
that from every body at every temperature caloric radiates, 
but in less quantity as the tempepture is low ; so that in 
the above experiment, the thermometer gives out more 
caloric by radjation than it receives from Ae body in tfie 
opposite focus, and therefore its temperature is loweredi^ 
Or as Pictet has supposed^ when a number of bodies near 
to each other have the same temperature, there is no 
radiation of caloric, because in all of them it exists in a 
state of equal tension ; but as soon as a body at an inferior 
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gave out heat about eight times less copiously than the 
other three substances* By coating the focal ball of the 
differential thermometer with tin-foil, it was found to re- 
ceive about five times less heat from any side of the can- 
ister than when it was exposed bare in the focus ; and 
by cpating the surface of a concave glass mirror, first with 
black pigment, then with tin-foil, and lastly exposing it 
bare to the heating body, it was jPound that the glass re- 
flected very little heat, the pigment none at all, and the 
tin-foil ten times more than the glass. The metallic sur- 
face, then, has about five times less power of absorbing 
heat, eight times less power of emitting it, and ten times 
greater power of reflecting it, than the glass. 

If between the canister and the reflector Was placed a 
frame, over which were stretched, successively, tin-foil, 
glass and paper^ the communication of heat or cold was 
altogether stopped by the first ; at least sp little passes, 
that the differential thermometer was not sensibly affect- 
ed, while the glass only stopped four-fifths, and the paper 
not so much. The metallic screen, too, produced this 
effect, however near the canister it was placed, provided 
the separation was only sensible. The other two sub- 
stances interrupted the communication more and more the 
nearer they were placed to the canister, but always per- 
mitted a large portion of the heat or cold to pass. If, in* 
stead of one screen, or a screen composed of only one 
substance, a combination of these was Interposed, a very 
remarkable illustration pf the general fact was obtained* 
The combinations used by Mr. Leslie were, plates of 
glass, cpate4 with tin-foil on one side, and plates of tin^ 
coated in like manner with lamp-black.^ These he either 
placed in contact, so th^t their similar sides touched ; or 
at a .distance from each other^ with their similar sides 
facing* He denominates the combination of glass and 
tin-fioil the experimentum cruris. We conceive that of the 
tin-foil and lamp-black better entided to this appellation^ 

Experiment I. 

Cause two sheets of tin about ten Inches square to be 
hammered quite flat and smooth, and paint one side of 
each with a thjn coat of lamp-black. Arrange the appa- 
ratus as usual, and, having joined together the tin-plates 
with their clear surfacjes touching, fix them to a vertical 
frame : the liquor of the diffjprential thermometer; will rise 
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33 degrees. Invert the position of the plates, so that the 
blackeDed sides come into contact ; it will now sink down 
to zero. Remove either of the platest'and the liquor will 
again mount near four degrees. It is truly pleasing, says 
Mr. Leslie, to witness this varied spectacle, where the 
changes succeed each other as if performed by the fancied 
operation of magiff. But those transitions, and even the 
measures of the diversified effects, are the necessary re- 
sults of the principles already established. Compare the 
case where both the external surfaces of the screen are 
metallic with that in which they are covered with pigment. 
On the one side it receives five times less heat, and this 
heat is propagated with eight times less energy from the 
other. By the joint influence of those circumstances, 
therefore, its effect is 40 times less; which corresponds 
to about half a degree, a quantity scarcely distinguishable. 
When the screen consists only of a single {date blackened 
on the one side, the diminished effect is a mean between 
the receptive and the projecting powers, or 6^ times 
smaller than where both surfaces are painted. This en- 
feebled impression is consequently equal to about four 
degrees. 

The experimental inquiries of Mr. Leslie, which were 
directed particularly to the radiation of heat, its connec- 
tion with the spaces through which it is propagated, the 
direction in which it moves, the projecting power of the 
heated body, and connection which subsists between it 
and the nature of the projecting surface, are highly im- 
portant. 

The canister beJog placed successively at different dis- 
tances from the iVector, the effects of its removal, upon 
the differential thermometer in the focus, were noted ; 
and an allowance was made for the changes in the focal 
length. It was found, in general, that the total corrected 
jidfects were inversely as the dbtances of the canister. This 
^Wbstruction evidently cannot utise from the loss of heat in 
the atmosphere ; for that cause would produce a diminu- 
tion in a much more rapid series. To prove that the irre- 
gularity of the reflecting surface has no share in the phe- 
nomenon, Mr. Leslie shews thata concave glass speculum 
reflects the heat of a charcoal fire with an energy, in- 
versely as its distance. The diminution, theo, canc^y 
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be owing to an imperfect reflecdon ; and this was well 
demonstrated, by increasing the size of the canister, in 
such a proportion to its increased distance from the re* 
Sector, that it always subtended an equal angle there* 
Making the same correction as before, for the variation 
of focsd length, the total effect of the removal upon the 
differential thermometer was found to be nothing more 
than might fairly be ascribed to the inaccuracy unavoid^* 
ble in such delicate experiments. Hence the capital in- 
ference is drawn, that the imptilses, by which heat and 
cbld are propagated between distant objects^ do not suf- 
fer any sensible diminution of strength from the length 
of their progress through the atmosphere. 

Avery remarkable aberration is observed to take place 
in the reflection of heat. When the flame of a t^per is 
withdrawn above two inches from the axis of the reflec- 
tor, its image vanishes entirely from the focal ball of the 
differential thermometer. But the heated canister may 
be removed seven inches from the axis, before its im- 

K^ssion on the instrument ceases to be distinguishable. 
r. Leslie gives us no computation of the extent of this 
penumbra of heat (if the expression maybe used) he only 
explains the law by which the lateral motion of the heated 
body, from the reflector's axis, diminishes the total effect 
of the reflection upon the thermometer. The distance of 
the canister being proportioned to the series 1, 2, 3—7, 
the rise of the thermometer is as the powers of |, whose 
exponents are the triangular numbers, 1,3, &c. He also 
finds, by experiment, what he pretends is also a deduction 
from the aberration just now describ^, that the maxi- 
mum c^ die effect produced by refleA)n is not in the 
focus, but nearer the speculum. His experiment is quite 
conclusive. The thermometer being at 58^ in the optical 
focus, it rose to 80<> half an inch nearer the reflector; 
and, half an inch beyond the focus, fell to 25<'. Tl^ 
heat is therefore more diffused over equal spaces beyonw 
the focus than b^ween the focus and reflector. 

If the side of the canister is turned gradually round, 
while its axis remains fixed in the axis of the reflector, 
tile theraumieter is less and less affected, as the radiating 
surface is more^inclined from the perpendicular. Nothing 
can be 6iaq>ler than the method adopted by Mr. Leslie 
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for Bscertwung the btw of this diminution, 
sliding screen between the canister and th< 
adjusted the slit so, that the radiating su 
part of its motion round iu axis, subtende 
_gje as the reflector. There was scarcely 
duced upon the thermometer by the revolt 
nister. In lilce manner a cyliodric^ cat 
the same rise in the thermometer with a 
an equal base and altitude ; and &om til 
experiments founded upon the same prii 
conclude, that the total action of a heated i 
to that of its ordiographic projection, or 
the sine of its inclination. 

Mr. Leslie having ascertained diat boi 
widely in their power of projecting, absi 
fleeting heat, found that the chemical a 
heating surface have a considerable infl 
projecting power ; the effect of tin being 1 
operates as 15, mercury above 3(X All oi 

E eater action as they recede from the 
ead being as 19; when tarnished bye 
air, it becomes as 45, while minium is m 
wax and rosin arc nearly equal to paper, a 
The polish of the radiating surface dimini 
where that is not naturally great. The rouj 
does not heif^ten its projecting power} b 
doubled by covering it with furrows. T 
feet cannot be owing to the greater sur 
roughened metal exposes ; for the increat 
precisely counterbalanced by the incrcas 
and, moreover, it is foimd that the additii 
rows, by striating the surface in the other i 
destroys die effect of the first operation. 
of the radiating surface gready affects its 
tion. A thin film of isinglass produces 
36 ; a thick one as 4S : but when the thi 
the thousandth part of an inch, any subsi 
does not augment its action. Mr. Ledie 
difference in projective power, which it 
several of the cases above noticed, may b 
the variations of the bodies with respect I 
softness. He reasons this matter with h 
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nuity, and shows that the addition of moisture, and still 
more the addition of a mucilaginous substance^ consider- 
ably augments the action of a surface painted black* The 
quality of colour is the last to which our attention is di- 
rected, and Mr. Leslie seems disposed to doubt whether 
it exerts any influence at all in modifying the projective 
and absorbent powel^ of bodies ; a point which he con- 
ceives is incapable of strict solution, because a change of 
colour must idways be attended with an alteration in the 
structure of the substance : andy rigorously speaking, this 
is no doubt true* But there is one mode of inducing a 
change of colour, by means of a change in the body's 
structure, which is known, and for which allowance may 
be made by our author's experiments ; we allude to the 
scoriae on the surface of metals, from slight oxydation* 
If the oxydation is found always to augment the metal's 
action, as different metals assume different hues in the 
beginning of the process, a comparison of several, in this 
respect, will enable us to estimate how far colour 
operates. Perhaps even the change induced upon the 
* substance of vegetable tinctures, by weak, acidulous, and 
alkaline solutions, is so little proportionate to the alter- 
ations which their colours undergo in the mixture^ that 
an approximation might be obtained from experiments 
with paper dyed in this manner* 

Mr* Leslie repeated several branches of this inquiry, to 
ascertain the various reflecting powers of different sur- 
faces* Those which absorbed and projected heat most co- 
piously were, in general^ found to reflect least, though by 
no means in a reciprocal proportion. Glass reflecting as 
10, tin-foil reflected as 85, lead as 60, steel as TO; tin-foil 
shining with mercury as 50, and brass as 100* A tin re- 
flector had its power reduced to one tenth, by being stri- 
ated in one direction, although this operation did not at 
all change the limits of its focus* A coat of tallow re- 
duced the powers of the reflector to one twelfth ; a coat 
of olive oil to two fifths ; a coat of ising^s to three 
tenths^ but, as it dried and became thinner, only to sevea 
tenths : a thin irridescent coating reduced the reflection 
only to four filBths* The general rule then holds good, 
that the reflecting powers of bodies bear some inverse 
ratio to their absorbent and projective powers j although 
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And M the rays of heat and U^ accompany each 
other when emitted fitHn hmiinous bodies, the velocity 
with which the rays of caloric move must be equad to 
that of light ; and hence its particles must be equauy mi- 
nute* lliey differ however in this particular, that the 
rays of lig^t produce the sensation of vision, and possess 
certain chemiral properties* whilst in those of caloric the 
peculiar agency of heat resides* 
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SECT. I. 

NATURE OF LIGHT IN GENERAL. 

LIGHT is that which proceeds from any body produc- 
ing the sensation of vision, or perception of other bodies, 
by dejHcting an imkge of external objects, on the retina of 
the eye. Hence it annoupces to animals the presence of 
4;he bodies which surround them, and enables them to dis- 
tinguish these bodies into transparent, opaque, and co- 
loured. These properties are so essentially connected 
with the presence of Hgl^ that ix>dies lose them in the 
dark, and become undistinguishable. 

Light is regarded by philosophers as a substance con* 
sisting of a vast number of exceedingly small particles, 
which are actually projiected from luminous bodies, and 
which probably never tetum again t6 the body from which 
they were remitted. 

They have a determinate size ; they are ^t a certain 
clistance from each other ; they move with a certain velo- 
city, and have a certain momentum. They are univer-? 
sally expanded through space ; they exert peculiar actions ; 
and are obedient to Che laws of attraction, and other pro- 
perties of matter* 

Several remarkable discoveries made in astronomy, 
and in other branches of natural philosophy, give us some 
ideas concerning the size^ distance, velocity, &c. of the 
particles o>f light. 

%. EXPLANATION OF CERTAIN TERMS OF 

LIGHT. 

I 

In ofde- to facilitate the doctrine of light, we shall 
shortly explain a few terms made ase of by philosophers 
when treating of it ; namely : 

A ray of Ught is an indefinitely small portion of light 
as it com^s from a luminous body. 

A medium is a body which affords a passage for the 
rays of light. 

A hcatn of light i& a body of parallel rays. 
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• 

The modon of ligkt is ao very rapid^that Ih aH common 
experiments it appears to be instantaneous. Its velocity 
cannot be measimd between the tops of the most distant 
mountain^ that are visible from each other, v Astronomers 
have,,nqverthele9a, found that it may be measured when 
it moves between some of the heavenly bodies. For : by 
the eclipses of Jupjter's satellites, it ai^)eajrs that it. takes 
$. minutes and 13 seconds in passing acl-osa. the. semidia- 
meter of the earth^s orbit. From these accurate investi- 
gations they have deduced that light moves at the asto* 
nishing rate of about 167^000 geographical miles in one 
second, or that it passes from the sun to the earth in lit- 
tle more than eight minutes; and nevertheless, according 
to geometricians, light, from its departure from the near- 
est of the fixed stars, which *is, in truth, at least four hun- 
dred thousand times more remote than the sun, is near 
six years in its progress to our eyes ; so that a star placed 
at that distance would be still visible for six years after 
its destruction^ supposing that process to take place. 
How grand and sublime are the meditations suggested by 
this object on the immensity of space, the boundless ex- 
tent of the universe, the vast number of globes which tra- 
verse through it, and the duration pf time which they 
nieasure in itheir Bilent march ! 

The velocity of light w^s first noticed by Roemer, and 
afterwards determined and established by l)r. Brgidley's 
ingenious theory on the iaberration of the lights of the 
fixed stars. The principles on which this discovery is 
founded n^ay be familiarly explained as follows ; 

Suppose a tube to be erected perpendicular to the hori- 
zon at a time when it rains^ the drops falling perpendicu- 
larly down ; and suppose the diameter of the tube to be 
such as tp admit b^t one drpp at a time : then it is plain, 
that if a drop Of water enter the orifice of the tube it will 
fall to the bottom without toVr6hing its sides. But if the 
tube, without altering its perpendicularity, be moved 
along in the direction of the horizon, any drop that enters 
will is^rikjE: against one of its sides, and none will pass 
clearly through whil^ the motiop cotitinues, unless the 
up^er end of the tub^ be also inclined towards the part to 
which it9 ipotipn is 4if ected* 
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in the tube, it is evident thatthe inner surface of the tube, 
which is situated towards B, will be carried against the 
drop, and prevent its arriving at the bottom without 
touching. But if the inclined tube e c be moved with a 
similar motion to that of the drop from b to d, in the time 
that the drop moves from c to D, the lower orifice of the 
tube and the drop will be found at d at the same instant ; 
and the velocity of the drop will be expressed by c d, uid 
that of the tube by e,d. 

The same reasoning holds good, if instead of drops of 
rain we suppose particles of light, and a telescope instead 
of a tube. For to an observer, who through the tube c D 
views the vasdy distant object G, if the motion of light be 
instantaneous, or infinitely swift, no finite motion of c d, 
its position being unaltered, can prevent its being visible ; 
since, by the supposition, the light which enters at c will 
arrive ax D before c d can have moved at all. But if 
light, be propagated in time, and the observer be carried 
by A motion similar, as to acceleration, to that of light, 
the tube must be inclined to the ray in an angle, whose 
sine is to the. sine of c £ d, or the angle the tube makes 
with the line of llie observer's motion, as the velocity of 
the observer is to the* velocity of light. For in the trian- 
gle D c £, the aides d e and D c, which express these velo- 
cities, are as the sines of their opposite angles. Hence if the 
angle of the inclination of the tube to the ray of light, to- 
ge5ier with the velocity and direction of the observer's 
, motion, be kiiown,the velocity of lig^t may he determined. 

The velocity of light is uniform in the same medium,\ 
however it may be excited ; either because the corpuscles ' 
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are emitted by a peculiar repukive force, acting equally 
in all bodies and in all directions, and known only by tlu& 
effect; or simply, because a homogeneous fluid propa-« 
gates all impulses with a constant velocity. 

2. MOMENTUM AND MAGNITUDE OF THE 

PARTICLES OF LIGHT. 

The velocity of light being thus ascertained, we should 
be enabled to form some notion of the magnitude of the 
particles of light, if we were in possession of good obser- 
vations on the effect of their momentum. 

For example.; it is found that a ball from a cannon at 
its first discnarge flies with a velocity of about a mile in 
eight seconds, and would therefore arrive at the sun in 
thirty-two years* supposing it to move with unremitted 
celerity. Now light moves through that space in about 
eight minutesy wnich is two million times faster. But 
the forces with which bodies move are as their masses 
multiplied by their velocities : if, therefore, the particles 
of light were equal in mass to the two millionth part of 
a grain of sand, we should be no more able to endure, 
their impulse than that of sand when shot point-blank from 
the mouth of a cannon.* How much less must therefore 
be the particle of light, which make no sensible impres* 
sion upon so delicate an organ as the eye. 

From some imperfect experiments made by throwing* 
the focus of a concave mirror on the extremity of a very _ 
delicate beam, nicely suspended, by which means a slight 
motion was given to the beam, it was deduced that the 
light thus collected had a searchable momentum. Now 
from the weight of the beam, and from the motion which 
was communicated to it by the impulse of light (if that 
was the real cause of its motion) also from the above* 
mentioned velocity of lij^t, it was calculated that the 
matter contained in the light which was thrown upon the 
end of the above-mentioned beam during one second of 
time, and which was collected from a reflecting surface of 
about four square feet» amounted to no more than one 
twelve hundred millionth part of a grain.f 

«. 

• Nicholson's Introd. to Natural Philosophy, vol. I. p. 256. 
j- Priestley's History of Discoveries on Ligkt, Vision, &q« Poried Ti. 
Sect. I. chap. iii. 
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3. LIGHT MOVES IN STRAI 

Whenerer K^t passes through a sp; 
medium of imifonn density, it describe 
directions. Because all undisturbed mo 
or because, in a Tionogeaeoua ood kighl 
all undulariwis are transmitted rectilinc 

It is well known that if a portion of ; 
intercepted by any body* the shadow ol 
bounded by right lines, passing {totb t1 
and meetiag the linea which tennmate 

EZFERIMENT L 

Darken a room into which die sui 
admit the light by a small hole in the 
and place apposite to. the hole a board 
Io<A at the screen, we observe thereon 
cxtericK* objects which are opposite to ti 
natural colours : these colours are faii 
images of the objects that are stationary 
&c. are likewise fixed or stationary in t 
- the images of those that are in motion, 
carriages, '&c. are seen to move. If w 
diis ray, we ^nd tliat our eye* the lighi 
in one and the same straight line. Wh 
that light is emitted in straight lines 
hodies. 

It is equally obvious from, fight fi 
through bent or crooked tubes. 

4. REFLECTION OF L 

Another property of the rays of lig 
bility, or disposition of being turned b: 
um in which they moved with a certaii 
the light is driven back, without comin 
the matter which repels it. 

The ray is then said to be reflected. 
Section is sdwnys equal to the angle of i 
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Experiment II. 

To prove that the angk of refection is equal to the angle 

of incidence. 

There are several ways of measuring the angles of in- 
cidence and of reflection ; but the following is one of 
the easiest : 

Let a & c be a se- 
micircle, divided in-^ 
to twice 90 degrees; 
a b represents the sec* 
tion of a flat reflector. 
Cover the surface of 

this reflector with pa- ^.,,^.„..,.^..^...^.,.,.^^^.„..^.,,^.^ 
per, excepting a very ^zfii^BBHHHHHHHRBi^BSll^ 
small circular spot, as at d. Place this semicircle per- 
pendicularly upon the reflector, and with its centre in 
the middle of the uncovered spot ^Z of the reflector. This 
being done, fix a pin, or other small object^ close to the 
edge of the semicircle^ for instance, at e, the 50th de- 
gree; then move your*eye along the side a fc of the 
semicircle, and you will perceive the object e reflected 
by the reflector d only when the eye is atyj viz. at the 
50th degree of the quadrant ^yc; whence it becomes 
evident that the angle of reflection c d f is equal to the 
angle of incidence fdc. 

When a ray of light falls upon a polished medium, for 
instance, a plate of glass, or mirror with a certain obli- 
quity, it does not enter the glass at all^ b^t is reflected 
when it approaches its surface. When a ray of light 
enters other transparent mediae it continues to move on 
till it comes to the opposite surface ; but then, instead of 
passing through, it bends» and passes out again at the 
same surface at which it entered, just as a ball would do 
if made to strike obliquely against a floor. 

Experiment III. 

Let a beam of solar light pass into a darkened room 
through a hole in the window-shutter ; at that part of the 
floor where the beam of light falls place a looking-glass, 
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and then throw some hair-powder intq the air^ in order 
to render the beam of light more visible. 

We shall then see that the beam is reflected back into 
th^air> and that the inclination of the reflected beam is 
exactly the same as that of the incidental one. 

The common experiment of children casting the light 
of the sun, by means of a looking glass, into various dis- 
tant places, also illustrates this property* 

If we direct our eyes towards certain polished surfaces, 
we frequently see in them the appearances of objects 
which are situated in places quite difierent fl^m those in 
which we see them* 

Thus : an eye at c, 
directed towards' the 
fiat and polished sur- 
face of which A B is the 
section, will perceive 
the exact figure, colour, 
&c. of a body which ac- 
tually stands at D, but 
which will appear as if 
it stood at £ ; it is 
therefore evident that 
the light which' pro-, 
ceeds from jx falls up- 
on the surface a b,. and, thence it cpmes into another direc- 
tion, F c, to the eye at c* Now the.suiface A, B^ which 
thus sends back the light, is ca^ed the rjsfieeted light f 
whereas the light from the object d, to the reflecting sur- 
face, is called the inctdent lighU - 

The angle which the incident light makes with the per- 
pendicular to the reflecting surface at.thepoinl of inci- 
denccy viz. the angle d t G, is called the angle c^ihcideniatm ' 

The angle which the reflected ' light mak^ 'wkhthe 
same perpei^icular, viz* the angle , c f g, ]& edled the 
angle of refraction. But some.authorsxall the angle of a 
the angle of incidence, and the ang^ c f b, Ae ao^e <tf 
.refraction. 




5. INFLECTION OF LIGHT. 

 

When a ray of light 'passes within a certain distance of 
, ^the surface of a body, parallel to which it iff moving, it i; 

VOL. I* 19 * 
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flittracfted^ <dr b^mt ^^wdrdg it, so as to form ^arentty a 
rectilinear angle at &at place. This bending; or infleco 
tion of the rays of lights by passing not throu^, but near^ 
ikie surface, is caused by an attractive power to wktfdi 
light is obedient* It is called therefore the inflection of 
Hght. It lias abo been called diffraction^ 

Experiment I. 

Admit a beam of light into a dark room, through a 
round hole in the window-shutter, and place at the spot 
on the floor where it falls a sheet of paper ; the rays of 
light will there form a round luminous spot. But if we 
hring two penknives, with their edges towards each otheTf 
on opposite sides of the hole, and make them approach 
each other gradually, the luminous spot Will dilate itself 
on. the sides of the knives; indicating that those rays 
which are nearest the edges of the knives have been drawn 
from their former direction towards the knives. This 
property of light is called inflectioiu The edge of an/ 
other thin plate of metal produces the same eifect. 

tlXPERIMENT IL 

If We let a beam of light pass into a dark room through' 
a narrow slit made in a window shutter, hot above -^ 
IfTXt of an inch broad, thd beam of light wiU be split into 
^o, and leave a dark ^pace in die middle ; it vrill there* 
fore be attracted by bom sides of die slit. 

ExPERIMENt III. 

The flbadow of a small body, as a hair^ a thread, &e» 

' «f laoed in a beam of the sun's light, will be much broader 

ifam s^ottg^ to be if the rays of light passed by these 

bodies m d;ght lines, or without being attracted by diem* 

. Bor eoeample : a hair whose breadth was the 280th part 

of an indi, being held in this li^t, at die distance of 

about twelve ieet from a hole of the breadth ^ the 4fid 

part of an inch, did cast a shadow which, at the distance 

of four indhes from die hw, was the 60th part of an 

inch broad, that is, above four dmes broader than the 

hair ; and at the distance of ten feet was the eighth part 

of an inch broad, that is, Q5 times broader. 
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The phenomena which relate to the mflectioA\>f ligfatf 
not appearing to be reducible to one general principle, 
were particularly examined under a considerable variety 
of circiynstances by Sir Isaac Newton : yet his observa- 
tions w«re not quite correct, nor was his hypothetical ex- 
. planation very plausible. Subsequent experiments and 
observations have reduced the phenomena of inflection to 
a single principle, namely, to die attraction of bodies to^ 
wards light ; which attraction becomes conspicuous when 
the rays of light pass within a certain distance of their 
surfaces. Besides their being bent^ the rays of light are 
likewise separated into colours by the vicinity of bodies, 
and this pnxiuces the singular phenomena of the colour- 
ed fringes that accompany the inflection* 

6. REFRACTION OF LIGHT, 

When a ray of light passes through the same medium, 
or when it* passes perpendicularly from one medium into 
another, it continues to move on^ without changing its di- 
rection. But the case is different when it passes oblique- 
ly from one medium into another of a different density ; 
it is then bent from its first direction, ana assumes a new 
one ; it is said to be refracted. When it passes into a den-^ 
ser medium \x is refracted towards the perpendicular; 
but when it passes into a rarer medium it is renracted^^m 
the perpendicular. 

The denser the medium the more the rays are bent, 
and approach to a perpendicular let fell upon its surface. 

This, however, must always be understood of the rays 
which fall obliquely upon these me^Ra ; for those ra3rs 
which fall perpendicularly do not suffer any deviation : 
refraction only taies place when the rays fall ob&qttehfj 
and is so much greater as their suigle of mcidence is more 
oblique. After having taken the new direction, the ray 
again proceeds invariably in a straight line, till it meets 
with a different medium, when it is again tumett out of 
its course. On this account it is that objects seen under 
water appear out of their true place. 
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Sefraction of Light. 
Experiment I. 




Let a lighted candle be 
placed on the side of a ves- 
sel full of water A b c D, so 
as to cast a shadow on the 
pide of the vessel upon the 
bottom : the edge of the 
shadow does not come to e, 

so as to form a straight line 

l& B G, but will be found ^ ^ ^ 
somewhere else, as at f, and f b g will form an angle at 
the surface of the water ; which proves beyond a doubt 
that the light which proceeds from the candle is refract- 
ed, viz. bent at the surface of the water. This will be- 
come equaUy obvious from the following experiments : 

£XP£IIIM£NT II. 

. . Take an empty basin, and on the bottom fix marks at 
a small distance from each other ; then take it into a dark 
room, and let in a ray of light : where this ray falls upon 
the floor, place the basin, so that its marked diameter may 
point from the window, and so that the beam of light may 
tall on the mark most distant from the window. Having 
done this, when the basin is filled with water the beam 
which before fell upon the most distant mark will now, by 
the refractive power of the water, be turned out of its 
straight course, -and will fall two, three, or more marks 
nearer to the centre of the basin. 

This may be more clearly proved in the following 
manner ; 

Experiment III* 

Let a small bright object be laid upon the bottom of a 
cylindrical vessel n b a l at c, so that a ray passings in a 
right line from the remote edge of rp 

the object to the eye at s will be in- A. 
tercepted by the edge of the vessel, 
or that the first ray which is not in- 
tercepted passes in the direction 
o N c above the eye. While the 
eye continues in the ^me situation, 4 
if the vessel be filled with water 
the object will become visible, that 
is, the ray which passed from the remote edge of the ob^ 
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orange, aftenrards the yellow^ fheii the green^ the bluet 
the indigo, and lastly the violet^ whkh ia placed in the 

uppet- part of the image. 

The instance of the aeparaiion of dit primary colours 
of lij^t which seems most remarkable is that of the rain- 
bow. It is formed in general by the reflection of the 
rays of the sun's lt|^t» from the drops of falling rain ; 
though frequently it appears anx>ng8t the waives of the 
sea, whose heads or tops are blown by the wind into small 
drops ; and it is sometimes seen on die grounds when the 
sun shines^ in a very thick dew. Cascades and fountains 
whose waters are, in their fall, divided into drops, exhi- 
bit rain-bows to a spectator, if properly situated during 
the time of the sun's shining ; and water blown violently 
from the mouth of an observer whose back is turned to- 
wards the sun never fails to produce the same pheno* 
menon* 

This appearance is also seen hy moon-light, though sel- 
dom vivid enough to render the colours distinguishable; 
and the artificial rainbow may be produced even by can- 
dle-light, on the water which is ejected by a small fo\m* 
tain or jet d*eau: all these are of the same nature as the 
analysis of light by the prisms. 

The colours observaUe on soap-bubbles, and the halos 
which sometimes surround the moon, are also referrible to 
the refrangibility of the rays of light. 

Various methods have been tried for the purpose of 
rendering the colours of the prismatic spectrum distinct 
or unmixed with each other, but none as yet has been 
attended with complete success : the following method 
seems to be the best approximation. 

EXPEKIMEKT II. 

Let the light of the sun pass through a hole of the-^ 
of an inch into a dark room ; and placing a screen at a 
little distance (for instance, 6 inches) within the roomt 
let the middlemost part of that light pass through a smaller 
hole in the screen ; the object of which is to prevent, in 
great measure, the indefinite light, or penumbra on the 
sides of the pristnatic spectrum. Let that light fall per^ 
pendicularly upon a convex lens, at the distance of about 
10 feet, by which means an image well defined of the 
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«aa wiQ be iiKined upon a ecreoi placed at  ^mper idis- 
tmce from the lens : bat if a priam be ^daced close to ^uc 
ketu, ao tliat die lig^ after having pasted through the 
lens, may pass through and be rdnactcd by tiie prists, 
then a coloured ^ectnim well defined wiU be iwmed 
npon the screen. 

If small bodies be placed ia the different colours of the 
prismatic spectrum, tliey will appear of the same colour, 
red in the red light, green in the green light, &c. 

The decomposinon effKted by means of the prism has 
therefore been called an anafysis of light. 

These coloured rays differ from each other in reflexi- 
bility, refrangibiUn', and inflexibiUty. The red is the 
most refrangible, the violet the least ; the others are re- 
frangible in the following order, namely, orange, yellow, 
green, Uoe, indigo, and violet. 

Newton ascertained by actual measuFement, diat if the 

whole of the spectrum be divided into 360 parts, then the 

red will occt^y 45 of tiwse parts, the orange 27, lite 

' yellow 48, the green 60, the blue 60, the indigo 40, and 

the vi(det 60. 

Dr. Uerschd has lately proved* that the ntys of light 
difler in th^ power of illuminating objects. The rays 
towards the middle of the spectrum possess the greatest 
iUuminatisg powers, and those at the extremity the leastj 
the illuminating pown* of the rays gradually diminishes 
from the middle of 4^ spectrum towards its extremities. 

EXPERIMEKX I|I. 

That the rays of light differ in thetF itluminating power 
may be evinced by letting equal portions of each of them 
1^ on a minute object; a printed page, for instance, 
■which will not be seen distinctly at the same distance 
when illuminated by each. We must stand nearer the 
object ^en it is illuminated by die violet ; we see dis- 
tincdy at a somewhat greater distance v^en the object is 
illuminated by the indigo ray, at a greater when by the 
blue, at a still greater when by the deep green, and M 
the greatest of all when by the lightest green, or deepest 
yellow i we must stand nearer when the object is en- 
lightened l^ the orange ray, and still nearer when by 
the red. 

' FhilosoiA. Trtffl. 1860, p. 2SS. 
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It hfts been supposed that three of the prismatic colours, 
liie red» yellow, and blue, were simple ; and that the other 
four were formed each of the two contiguous ones ; diat 
is, the orange from the red and yellow, £e green from the 
yellow and blue, the indigo from the blue and violet, and 
the violet from the indigo and red : but this supposition 
has not been satisfactorily proved* 
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THEORY OF COLOURS. 

LANGUAGE being invented chiefly for the eajxrct*' 
Bibn of ordinary events that do not require any great pre- 
cision, it very frequently happens that the same word is 
used to denote very different things. , It is proper to re- 
mark, that the word colour is thus uscid. If the word be 
used to denote the sensation or idea excited in the mind, 
it is sufficiently obvious that it cannot be sufficiently used 
to denote that attribute by which bodies are able, by re* 
fleeting the rays of light, to produce the sensation ; and 
still less ought it to be used to imply that quality the va* 
rious kinds of light possess of producing the sensation 
when separated from each other» either by reflection jfrom 
bodies or otherwise. It may, however, be allowed to use 
the terms coloured rays, or coloured bodies ; though the 
sensation of colour, the specific properties of the rays and 
of the reflecting bodies, are undoubtedly things very dif- 
ferent from each- other. 

Having, therefore, so far considi^red the nature and 
effects of light, and seen that it is subject, like,pther mat- 
ters, to the laws of attraction and repulsion, and that it 
may be analysed by means of the prism into several rays 
of different tints, we shall now endeavour to prove, that 
from the nature of these different tints arises diat variety 
of shades which paints the face of nature. 

Hence it is, that whatever pleasure we derive frpm the 
beauty of colouring is owing to the different refrangibility 
of light, each object sending back to our eyes those rays 
. which the peculiar structure of its surface is best adapted 
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. 4. A scdution of sulphate oF iron^ produced by dissolv-^ 
ij^g two ounces of sulphstte of iron in jMielve oC^aten* ^ 

5« Acidulous solution of sulpM^e^^irony:oin^064^ o% 
an ounce of sulphate of iron ana tslye of water, mixed 
with an ounce of the next solutioi^Rft. 6* ^ ' 

6. One ounce of sulphuric B^K/himgled with twelve 
of water* /'^m^ 

7m One dram of ciystallizedHcetite of copper, dissolv- 
ed m twelve ounces of wat^Kfriih the addition of ^ne 
dram of nitric acid* ' ^ ^ 

8. Concentrated liquid anunonia* 

9. Sulphureous acid. ^" * 
to. 'Eincture of roses, prepared by iitfusing red rose 

leaves in sulphureous acid. 

11* Tincture of red*cabbage leaves, prepared in jjie 
same manner. • ^9 ^m 

12. Tincture of galls, obtained by digesting half an 
ounce of gall-nuts in twelve ouncea of water, and adding 
one dram of nitric acid to tht filtered solution* 

13. Diluted solution of prussme of potlteh* 

14. A solution of nitrate of ^wcury, obtained by dis- 
solving one dram of ma^cufy in hahP ah ouiic^ of ^ode- 
i^tely strong nitric acid, min^ig the solution with an 
ounce of water. • ^ 

By merely mixing these colourless fluids^ the following 
tints are produced^ 

Milk'Xuhite..*M\xthfee parts of No. 1 with one of No. 2. 

31?/fow....Four par^^ of No. 14 and one of No. 2. 

Orfl/3g'e....Four parts of No. 3 |vith one ofNo. 2. If 
No. 6 be added, the orange colour disappears, and the 
whole returns to its limpid state. 

Caxminc^A. fe\^ drops otf No. 6 with No. 10* This 
colftit^ disappears on adding No. 9. 

BlQod-red,...A. few drops of No, 6 with No. 11* This 
liquid becomes again colourless on adding No. 9* 

Grass-green^^^.Thrte parts of No. XO with one of No. 
1. On adding No. 6, the mixture tJurns to red ; » few 
drops of No'. 9 destroy this Alour, and the ^uid returns 
to its former limpid state. ^ 

Light-green.. JThv^e parts of No. Iff with one of No. 1. 

Ultramarine-bhie^^^JThr^Q. parts of No. .7 with one of 
No. 8. It becomes ag^in colourless by adding No. 6. 

jDar^-Ww^....Three parts, of No. 1 1 with one of No^ 2^ 

l;.e addition of No, 6 changes it to ruby-red. 
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SECT. V. 

CHEMICAL PROPERTIES OF LIGHT. 

THE chemical effects of light have much engaged the 
attention of philosophers. Its influence upon animal, 
vegetable, and other substances, shall form the subject of 
the following heads* 

1. EFFECTS OF LIGHT ON VEGETABLES. 

JEvery body knows that most of the discoud flowers fol- 
low the Sim in his course ; that they attend him to his 
evening retreat, and meet his rising lustre in the morning 
with the same unerring law* It is also well known that 
the change of position in the leaves of plants at different 
periods of the day is entirely owing to the agency of light, 
and that plants which grow in windows in the inside of 
houses are, as it were, solicitous to turn their leaves to- 
wards the light. Natural philosophers have long been 
aware of the influence of light on vegetation. It was first 
observed that plants growing in the shade, or darkness, are 
pale and without colour. The term etiolationhas been given 
to this phenomenon, and the plants in which it takes place 
are said to be etiolated or blanched. Gardeners avail them- 
selves of the knowledge of this fact to furnish our tables 
with white and tender vegetables. When the plants have 
attained a certain height* they compress the leaves, by 
tying diem together, and by these means (or by laying 
earth over them) deprive them of the contact of light : and 
thus it is that our white celery, lettuce, cabbages, endive, 
&c. are obtained* For the same reason wood is white 
under the green bark ; rbots are less coloured than plants, 
some of them alter their taste^ &c* they even acquire a 
deleterious quality when suffered to grow exposed to light. 
Potatoes are of this kind. Herbs that grow beneath stones, 
or in {daces utterly dark, are white, soft, aqueous, and of 
a mild and insipid taste* The more plants are exposed to 
the light, the more colour they acquire* Though plants are 
capable of being nourished exceedingly well in perfect ob- 
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when gath^*ed; the quantity is also greater the fresher 
and sounder they are, and if full grown and coHected 
during dry weather. Green plants afford more air than 
those which are of a yellowish or white colour. Green 
fruits afford likewise oxygen gas ; but it is not so plenti- 
fully furnished by those which are ripe. The nasturtium 
indicum, in the space of a few hours, gives out more air 
than is equal to the bulk of all its leaves. 

On the contrary, if a lik6 bell-glass, prepared in the 
same manner, be kept in the dark, another kind of air 
will be disengagedf of an opposite quality. The method 
of collecting and examining these gases will be shown 
hereaften, and the philosophy of their productioi^ will 
then be more fully pointed out. 

There is not a substance which, in well-closed glass 
vess^lSf and exposed to the sun's light, does not experi- 
ence some alteration. 

Camphor kept in glass bot^tles es^posed to light crystal^ 
lizes or vegetates into the most beautiful symmetrical 
figures, on that side of the glass which is exposed to the 
Ught. 

Yellow wax exposed to the light loses, its colour, and 
becomes bleached* Gum guaiacum^ reduced to powder, 
becomes green on exposure to light. Vegetable colours, 
such as Uiose of saffron, logwood^ &c. become pale or 
white, &c* 



2. EFFECTS OF LIGHT QN ANIMALS. 

The human being is equally dependent on the influ- 
ence of light. . 

Animals in general droop when deprived of light : they 
become unhealthy, and even sometimes die. When a 
man has been long confined in a dark dungeon (though 
well aired) his whole complexion becomes sallow, pus- 
tules filled with aqueous humours break out on his skin, 
and the person who has thus been deprived of light be- 
comes languid, and frequently dropsical. 

Worms, grubs, and caterpillars, whjich live in the earth, 
or in wood, are of a whitish colour ; moths, and other in- 
sects of the night, are likewise distinguishable from those 
which fly by day, by the want of brilliancy in their colour. 
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Experiment II. 

Let white paper or leather be covered with a solution 
of nitrate of silver, place it behind a painting on glass, 
and expose it to the solar light ; the rays emitted through 
the differently painted surfaces will pn>duce distinct tints 
of brown or black, sensibly differing in intensity, accord- 
ing to the shades of the picture ; and where the light is 
unaltered the colour of the nitrate becomes deepest* 

When the shadow of any figure is thrown upon the 
prepared surface, the part concealed by it remains white, 
and the other parts speedily become dark. 

For copying paintings on glass, the solution should be 
applied on leather ; and in this case it is more readily 
acted upon than when paper is used. 

After the colour has been once fixed upon the leather 
or paper, it cannot be removed by the application of water, 
or water and soap, and it is in a high degree permanent* 

The copy of a paintings or the profile, immediately af- 
ter being taken, must be kept in an obscure place* It may 
indeed be examined in the shade, but, in this case, the ex- 
posure should be only for a few minutes ; by the light of 
candles or lamps, as commonly employed, it is not sensi- 
bly affected. 

No attempts that have been made te-prevent the un- 
coloured parts of the copy or profile from being acted up- 
on by light have as yet been successful. They have been 
covered with a thin coating of fine vamishy but this has 
not destroyed their susceptibility of becoming coloured ; 
and even after repeated washings, sufecient of the active 
part of the saline matter will still adhere to the white 
parts of the leather or paper to cause them to become 
dark when exposed to the rays of the sun. 

'Besides the applications of this method of copying that 
have been just mentioned, there are many others. And 
it will be useful for making delineations of all such objects 
as are possessed of a texture pardy opaque and pardy 
transparent. The woody fibres of leaves, and the wings 
of insects, may be pretty accurately represented by means 
of it ; an4 in this case, it is only necessary to cause the 
direct solar light to pass through them, and to receive the 
shadows upon prepared leather. 



t&2 Effects oj Light on Metallic Oxyds. 

water, and uninejiately expose it^ in the water, to the 
direct rays of a bright sun« After the ivory has been thus 
exfioBed for about two or three hours to the action of the 
sun's light, it will appear black ; but on rubbing it a lit- 
tle, the bla^k surface will become changed into a metallic 
one, resembling a slip of fine silver. 

Although this coating of revived metal is extremely 
thin, yet if the ivory be well impregnated with the nitrate 
of silver the solution will penetrate to a considerable 
depths and as fast as the silver wears off from the surface 
of the ivory, the oxyd below it becoming uncovered, and 
exposed to die lights a new coating of revived metal will 
be fonned to replace it, and the surface of the ivory will 
not lose its metsdlic appearance. 

The Count further observed, that this method, of silver- 
ing ivory, which is not cmly expeditious, but very econo- 
micsd, mighty no doubt, be employed with advantage in 
many cases, for ornamental purposes. The process is 
certairiy curious and beautiful, when considered merely 
as a philosophical experiment. 

All metsillic oxydsf but especially those of mercuiy, 
bismuth, lead, silver, and gold, become of a deeper colour, 
by exposure to the sun ; some of them beccmie perfectly 
revived, others only partially, as may be seen by ob;serv- 
ing various painters' colours, preserved in powder, and 
exposed to the light, in the windows of colour-shops* 
The yello^ oxyd of mercury^ the apetate and muriate, 
^e very soon affected by light. 

The black oxyd of mercury, obtained by pouring ank- 
monia copiously into a nieutral solution of sulphate of 
mercury (or raUier on dry sulphate) exposed to the rays 
of light, becomes readily converted into fluid quicksilver. 

The yellow oxyd of tungsten, if exposed to light, loses 
weight and becomes blue. 

Green prussiate of iron exposed to the solar light be- 
comes also blue. 

The rose-coloured solution of sulphate of manganese 
becomes colourless when kept exposed to the light, and 
regains its colour when removed into the 'dark. 
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flammabilitjr : whereas, on the contrary, deprived of light 
they remain pale and insipid, and are what is called etio* 
latedy or blanched. 

Light therefore enters into the composition of bodies ; 
and its effects are so considerable, that the skilful operator 
ought to be constantly aware of the influence it may have^ 
upon the products submitted to his investigation* 



SECT. vi. 



COMBINATION OF LIGHT WITH DIFFER- 
ENT BODIES. 



Philosophers have ascertained that various bodies, if 
exposed to light either at a high or low temperature, com- 
bine with it and emit it again, without alteration, under 
certain circumstances. 

Substances of this kind have been called SOLAR 
PHOSP}iORI, or substances which shine in the dark 
without emitting heat, after having been exposed to the 
light. 

The world is stocked with an immense variety of bodies 
of this kind. All terrestrial objects not only possess a 
power of absorbing light, b^t they likewise emit it again* 
The eyes of cats, owls, and several other animals, are 
constructed so as to collect light, to enable them to find 
their fojod in the djark. Water condensed into the form 
of ice or snow, emits light remarkably* This accounts 
for the light afforded by snow, even when the heavens are 
involved in extreine darkness. The snow on the ground 
absorbs light, by being exposed to it all the day, and 
emits a coAjsiderable quantity again in the dark. 

The principal bodies of this kind are the following : 

BoLpGiiiAN p,HOBPHqRU8....The process for preparing 
this phosphorus is as follows : pieces of sulphate of barytes 
are first made red-hpt, for a few minutes, in a covered 
cruciblci placed, in the middle of a fire, and then left to 
cool. When cold they are pulverized in a stone mortar, 
and sifted. Tbis powde|: is iformed into a paste with a 
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little mucilage of gum arabic, and divided into cakes, 
cylinders, or pieces of the thickness of a quarter of aa 
inch. Those pieces are dried in a moderate heat, and 
then exposed^ by degrees, to a more vicdent heat, amcmg 
chareoal,^ in a strong drawing wind-furnace. As soon at 
the co^s are half consuined, the furnace must be filled a 
second »time, and the phosphorus be left undisturbed. 
When the coals are quite consumed, the ashes must be 
carefully blown off with a pair of bellows, and the phos- 
phorus is found at the bottom of the grate* 

These phosj^oric stones esLposed for a few minutjes to 
the light, shine when taken into the dark like burning 
coals. Even immersed in water, they eig^ the same glow- 
ing light. Not only this phospiR)ru8f^ but likewise all 
o^er phcMipho|i of Uiis class, lose their luminous proper- 
ty gradually, which they however regain on being heat- 
ed a second time. 

RATiQiiALs««*.Duritig the process of preparing the Bo- 
lognian phosphorus, a partial decomposition of the sul- 
phuric acid of the sulphate of barytes takes |dace. The 
ignited charcoal, at a high temperature, has a greater 
sSinity to the oxygen of die sulphuric acid than die sul- 
phur has ; it therefore attracts it^ and forms carbonic acid 
gas ; part of the sulphur of the sulphuric acid becomes 
tiius separated ; it unites to the pure barytes, and forms 
sulphuret of barytes, which seems in this union more dis- 
posed to decompose oxygen gas than when single. The 
phenomenon is therefore to be considered analogous to a 
slow combustion of the sulphur i the extrication of ca- 
loric, during each instant of observation, being too in- 
considerable to be appreciable either by the senses or by 
the thermometer. 

Canton's phosphoru8«..«To prepare this phosphorus, 
take some oyster shells ; calcine them, by keeping them 
in a good coal-fire, for aboutan hour. Then let the purest 
part of the lime so obtained be broken into pieces (not 
powdered.) To three parts of it, add one of flowers of 
sulphur, and place the whole in layers, in a crucible, 
tightly. Let it then be placed in die middle of a fire, 
where it must be kept red hot for an hour at least ; it may 
then be removed to cool. When it is cold, select the 
brightest part, whichy if gqod, will shine in the dark. 
This is to be kept in a wide-moudied glass phials well 
closed. 
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This is Canton^s phosphorus* The quantity of light 
which a little of it gives, when bitought into a dark room, 
after it has been exposed for a few minutes to the sun, or 
even day-light^ is sufficient to show the hour hy a watchf 
if the eyes have been previously kept shut a minute or two. 

Rationale.... Analogous to tiie former. 

Baldwin's phospborus....Is a combination of nitric 
acid with lime, obtained by dissolving carbonate of lime 
in nitric acidy and evaporating the solution in an earthen 
vessel to dryness. This solid salt is then to be rammed 
into a crucible, which is placed in the middle of a good 
fire, where it is to be kept till the whole mass becomes 
liquid* As soon .as the mass has fused about eight mi- 
nutes, the crucible is to be removed, and its contents pour- 
ed out into an iron pot, previously heated* This mass, 
when stijl hot, is to be preserved from the contact of the- 
air in a well-stopped phial. 

Baldwin^s phosphorus, when wefl prepared, shines with 
a beautiful white light, aifter having been exposed to the 
»un for a few hours. 

Modem observations have made us acquainted with 
several other bodie.<j which possess the property of shin- 
ing, after having been exposed to an elevated tempera- 
ture. We know that not only all neutral salts with a 
base of barytes belong to this class, but also many other 
substances, namely, diamonds, and several precious gems» 
magnesia, carbonate of magnesia, sulphate and carbonate 
of lime, alumine earth, sulphate of potash, sulphate of 
strontian, some metallic oxyds, cottonwool^ appatite, zeo- 
lite, Sec. display the same phenomena. 

The combination of fluorid acid with lime, commonly 
called fluor spar or fluate of lime, is remarkable on ac- 
count of its property of shining in the dark, at an elevated 
temperature only. When the phosphoric fluor spar is re^ 
duced to a fine powder, and placed in contact with any bo- 
dy, heated to about 212<> Fahr. though not ignited, and 
afterwards taken into a dark place, it shines with a phos- 
phoric light. By this means may be performed writings, 
drawings, &c. upon an iron or copper plate, with a thin 
mucilage of gum arable, or with white of egg, and strewing 
over it some fine powdered fluate of lime. When this is 
dry, all the superfluous powder must be carefully blown 
ei& and the plate removed over a gentie coal fire. As soon 
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80 h is helped die deliiiedte»l ob}ect9 be<k>me lomioous^ 
>a^ ppaque again when the pkte becomes cold. 
. Not only lapis lazuli, several kindd of stoneft» &c« be* 
come luminous in a high temperature ; but also Dr. Ma- 
rum observed^ that a phosphoric light is discernible in ex- 
pressed oils and animal fats^ when heated to 450^ Fahr. 



PHOSPHORIC SUBSTANCES WHICH BECOME LU- 
MINOUS BY ATTRITION OR PERCUSSION. 

The most celebrated and most ancientfy known body 
of this kind is called 

Hoxabkg'b PBOsFBoauft....Honiberg's proGe» fior ob- 
taining this, jdiosphorus is as follows: one part of pow- 
dered muriate of ammonia is mixed with two of powder- 
ed lincie, introduced into a red-hot crucible, and kept hot 
fiU: the mixture becomes liquid. As soon as die mass 
has been fused for a few minutes, it is poured out into a 
heated iron pot^ broken into pieces, ai^ preserved in a 
well-stopped phial. 

This substance has the property of knitting a phospho*' 
ric light, when struck or excited with a hard sharp body 
in the dark. When a red hot poker is dipped into the 
fused substance, and rubbed after it is cool with another 
piece of metal, it becomes Ui.n]iinous, and gives out phos- 
phoric sparks and light. * 

This phosphorus is obtained more conveniently, as well 
as at less expence, when that portion of muriate of lime 
which remams in the retort, after the decomposition of 
muriate of ammonia by lime, is melted, and then exposed 
for some minutes to such a degree of heat as is sufficient 
to melt the surface of a green glass matrass ; it acquires 
the property of giving fire with steel, and emits phospho- 
ric sparks and flashes of light in a high degree. 

Tnose kind of phosphori or substances which give a 
perceptible sparkling light by attrition or percussion, with- 
out having been exposed either to the soljur light or fire, 
are likewise numerous. Flints, and several other siliceous 
stones, struck against one another, appear luminous in the 
dark, some through the whole mass, others only on the 
side struck upon. Tremolit, phosphate of lime, black-jack, 
and other stones of this genus, become luminous or yield 
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pbmfhotic light In the darit, ytthen stradk with a shar^ 
instrument. Gom eiemi, various mtns, and sugar, kmt 
a perceptiUe light by attrition or percussion, without hav^ 
ing been exposed to light or heat. ' 

Mr. T. Wedgwood* has putdished an exceUent paper 
•n the light produced by attrition. 

Mr. Coatesf of Clifton observed, that if two pieces of 
bonnet-cane were rubbed together in the dark, light was 
liberated. Professor Davy, who pursued this experiment, 
found ijiat 2il canes of this kind when briskly rubbed to- 
gedier produce sparks of white light, which are more vi- 
vid on collision. '. 

But the most perfect phosphorus of this class is sub- 
borate of soda« Two pieces of tbts sak stiruck one a^g^nst 
»iother, or a swift blow with any sharp instmment upon 
it, produces such a flash of white light, as none of die 
before-mentioiied substances are capable of givingw 

Other substances again emit light on immersion into 
acids. 

Mr. Weatrumb:^ observed, that when fresh prepared 
magnesia is thrown into concentrated sulphuric acid, light 
is liberated^ which produces an appearance similar to that 
known by the name of red heat. 

Experiment I. 

^. . . . ' 

To perform this experiment, about two scruples or 
one drachm of magnesia, recendy freed from carbonic 
acid by heat, must be put into a tea-cup, and half an ounce 
of highly concentrated sulphuric acid poured over it at 
once, so as to cover the magnesia. A prodigious quantity 
of vapour is instandy extricated; sparks are thrown about, 
and the mixture becomes ignited. Mr. Westrumb ob- 
served, that coloured (or partly deoxygenized) sulphuric 
acid answered the purpose better than when the acid was 
colourless. 

During the combination of lime with muriatic acid, and 
of dry potash or soda with sulphuric acid, a white light 
is uniformly perceived. 

* Philosoph. Trans. 1792. 

f Kicfaolson's Journal, May, 17199, p. 36. 

t OreU's Cheinic. AnnaU, 1784, p. 432, 
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ed PHOTOMETERS^ have Seen contrived. The most perfect 
instruments of that kind are the photometer of Count 
Rumford and that of Mr. Leslie. Count Rumford's me- 
thod of measuring the comparative intensity of two lights, 
is to place the two lights at such distances from a given 
plane, that the shadows cast by them appear equally 
dark ; and since die intensity of light must obviously 
decrease as the square of the distance increases, it be- 
comes easy to calculate from the distance determined, the 
origin^ density of the lights compared. The Count found 
by means of his photometer^ that the saving in the quan- 
tity of oil consumed by an Argand's lamp, compared with 
one of the common construction with a riband wick, 
amounted to about 1 5 per cent, in the production of an 
equal quantity of light. He also ascertained, that an 
Argand's lamp of the common size well trimmed, and 
burning with its greatest brilliancy, emitted about as much 
light as ten common wax candles, each three-quarters of 
an inch in diameter ; and that the light of a good wax 
candle varies from 100 to about 60 : if, namely, such a 
candle when newly snuffed, and burning with its greatest 
brilliancy, emits a quantity of light = 100, its light will 
be reduced to^20, and even as low as 16y when it is suffer- 
ed to bum very dim for want of beitig snuffed. The loss 
of light emitted by a tallow candle under similar circum- 
stances was found to be much greater. A particular ac- 
count of the principles on which count Rumford's pho- 
tometer is founded, together with some masterly draw- 
ings of the instrument, may be found in Count Rumford's 
work,* from which these data have been copied. 

The ratio of the intensities of luminous bodies, for in- 
stance, two candles of unequal size, may also be measured 
with tolerable accuracy, by placing them at different 
distances from a given objectf until that object casts two 
shadows of equal density or darkness ; or by observing 
when two equal objects appeared to be equally illuminated, 
each by one of the luminous objects : for then the pro- 
portion of the intensities of their lights was reckoned to 
be as that of the square of distances : for instance, if two 
equal objects appear to be equally illuminated, when one 
of them i^ three feet from a tallow candle, and when the 

» Rumford^s Philosophical Papers, 1802, p. 27a 
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other is nine feet from a wax candle, then it is concluded 
that the intensity of the light of the tallow is to that of 
the wax candle as 9 to 81, 

Thus far we have examined the two imponderable sub«^ 
stances di£Pused through space, namely caloric and light. 
They have been considered by different philosophers as 
substances whose particles mutually repel each other^ for 
they are never found cohering together. 

They agree in many of theii properties : they radiate 
from hot or luminous bodies with inconceivaUe velocity ; 
they are transmitted^ reflected, and refracted, by different 
substances ; while they have the property of combining 
with others. 

Caloric, we have seen, is the cause of the sensation of 
heat ; it produces expansion, is the cause of fluidity, &c. 

Light, on the other hand, produces the sensation of 
vision, and is the cause of colours. Both substances do 
not effect the ponderability of bodies. All attempts to 
weigh them have hitherto been in vain ; they have there- 
fore been called imponderable substances : if they 
are absolutely tmponderous^ is left to the determination of 
the more successful labours of future inquirers* 
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ST7BSTANCES NOT YET PRODUCIBLE BY ART, BUT ANALO- 
GICALLY COKBIDERED AS SIMPLE. 



PART X. 



dECT. I. 



OXYGEN. 



AS the two agents which have formed the subject c€ 
our last inquiry may be considered as the great Instru- 
ments of analysis and synthesis in the phenomena of na« 
ture ; so likewise will those substances which will form 
the subjects of the present part, tjiough long unknown, or 
ill understood to meuy prove no less interesting, and entitled 
to our attention. They afford to our art instruments and 
means not less important, and necessary to be known. 

Oxygeriy though long concealed from chemists, and as 
it were eluding the ancient methods of analysis in their 
possession ; though it be an independent substance very 
distinct from every other, it is not easy to give a clear 
notion or precise definition of this body, because this sub- 
stance, existing sometimes in a solid and sometimes in an. 
aeriform state, is never distinctly perceptible to the hu- 
man senses, but in combination. Nevertheless, it can be 
weighed and measured, combined and disengagec^ 

We know it only in its combination, by its effects. 
Nature never presents it solitary ; chemists do not know 
how to insulate it. We are therefore obliged to consider 
it at first as an abstract being, or metaphysical entity, 
when we wish to avoid speaking of its combinations. 
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O&ygea is alModbtsMe by combBstiUe tbodieB, md coa- 
reits moat of them iat^acids* This is, ii^ fiict, <Mie of 
the most charaeterisric properties of this body, first dis* 
Coviered by Dr. Priesdy in the year X7T^ It is an in« 
dispensable condition of combustion, uniting itself ^ways 
to bodies which bom, augmenting their weight and chang- 
ing their properties. It may be disengaged in the state 
of oxygen gns from burnt bodies, by a joint accumulation 
of caloric and light. It is highly necessary for die respi- 
ration of animals, and for the support of plants. It ex- 
ists universally dispersed through nature, and is a consti- 
tuent part of atmospheric a^r, of water, of acids, and of 
all bodies of the animal and vegetable kingdoms. 

One of the most remarkable combinations into which it 
is capable of entering, is that which it forms with light 
and caloric. The nature of that mysterious union has 
not been ascertained ; but it is certain that in that state it 
constitutes the gaseous fluid called oxygen gas, which it 
will be more proper to consider hereafter. 

The combination <3i oxygen widi different bases, is 
called oxtfg'enathnj oxygenisementy oxydation^ or oxydiae- 
ment, 

SECT. n. 

HYDROGEN. 

Hydrogen is another substance not J>erceptible to our 
sensations in a separate state ; but its existence is not at 
all the less certain. Though we cannot exhibit it experir 
mentally nncombined, we can pursue it while it passes out 
of one combination into another : we cannot indeed ar- 
rest it on its passage ; but we never fail to discover it, at 
least if we use the proper chemical means, when it pre- 
sents itself to our notice in a new compound. 

Hydrogen, as its name expresses, is one of the con^- 
tuent elements of water. Its existence was unknown till 
lately. It is plentifully distributed in nature, .and acts a 
very considerable part in the processes of the animal and 
vegetable economy. It is one of the ingredients in the 
mixtures of bitumen, of oils, fats, ardent spirit, ether, and 
in fact of all the proximate component parts of all animaH 
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and vegetable bodies. It forms a consfatuent part of all 
animal and vegetable acids. It ]§ one of the bs^es of am- 
monia, and of various other compound gases* 
. , It possesses so great an affinity with caloric, that it can 
only exist in the state of gas : it is consequently impos- 
sible to procure it in the concrete or liquid state, inde- 
pendent of combination. 

Solid hydrogen, therefore, united to caloric and light, 
forms HTDROGEN GAS, whicti will be noticed in its proper 
place. 
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NITROGEN. 

Nitrogen or azote is another simple body in the same 
condition with regard to us as hydrogen and oxygen. 
It is very abundant in nature, though not producible ak>ne 
or in an insulated state. It is not distinctly^ perceptible 
to the human senses, however aided by instruments. We 
know it only in its combination. But the reality of its 
existence is unquestionable ; since we can mark its pass- 
age out of one combination into another ; sit^ce we know 
the laws of chemical attraction to which it is subject ; 
since we discern the precise character of those simple sub- 
stances with which it is combinable, and can distinguish 
the nature of the new compounds which the combination 
produces. The Separate existence and peculiar nature 
of this substance were first discovered by Dr. Rutherford. 
It is the radical principle of our atmospheric air, and other 
gaseous substances, and forms a constituent part of ani- 
mal and vegetable substances. It is a component part of 
the nitric^ acid, and of ammonia. It probably enters into 
the formation of alkalies, and it is considered by some 
as a real alkaligen or ^alkalizing principle, in opposition 
to oxygen, which* as we have noticed before, is the prin- 
ciple of acidity. One of the most remarkable combina- 
tions into which nitrogen is known to enter, is that which 
takes place between it and light and caloric. The com- 
pound thus produced is called nitrogen ga», which shall 
(||jbe treated of in a farther part of this work. 



COMBUSTIBLE BODIES, DESTITUTE OF 
METALLIC PROPERTIES. 



SULPHUR. 
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PART XL 
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SECT. I. 

* 

NATURAL HISTORY OF SULPHUR. 

SULPHUR, which is also known by the name of brim« 
stone^ is the only simple combustible substance which 
nature offers pure and in abundance. It was the first 
known of all. It was on this substance that the ingenious 
Stahl most particularly established his theory of phlogis- 
ton, which has governed the schools during a century. In 
general, sulphur, even considered as a principal subject 
in chemistry, has been at all times one of those which 
have participated the most in the different changes which 
the science has experienced, and concerning which philo* 
sophers have been more particularly employed. Sidphur 
is consequently a body whose combinations are the most 
numerous, and, at present, the best understood. 

It is found abundantly in the earth, and exists external- 
ly in depositions, in sublimed incrustations, and on the 
surface of certain waters, principally near burning volca- 
noes. It is found combined with many metals. It exists 
in vegetable substances, and has lately been discovered 
by Mr. Carlisle in the albumen of eggs.* 

, Sulphur in the mineral kingdom is either in a loose 
powder, or compact and crystallized ; and then either de- 
tached or in veins. It is found in the greatest plenty in 

* Nicholson's Jotimal, Au^st, ISOl, p. 178. 
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theneighbourhood of volcanoes or paeudo-' 
thermodem or extinct, as at ^o^tora,fac.; 
as a crust on stones contiguous to them, eiti 
or amorphous. Il is frequently met with 
ters, and in caverns adjacent to volcanoes ; 
in coal-mines. It is found in cotnbinatic 
the metals. When united to iron it forms t 
ed martial pyrites, or sulphur pyrites. All 
\}y the name oi pyrites, of which there art 
are combinations of sulphur with diSerei 
hence the names of copper, tin, arsenical, ! 
exists likewise in combination with alumii 
then constitutes different kinds of schistus. 

It occurs commonly in masses in gyps 
It is sometimes found i^ veins that trai 
rocks. It occurs also in nests in lime-stom 
the celebrated and enterprising Prussian 
Humbpldt haB discovered a bed composed 
quartz, in a. mountain of micaceous slate.' 

Sulphur is found in Europe, at Baaden 
Lauenatein in H3nover,at Artem in Thurii 
walde in Swabia, at Jura in Switzerland, 
France, in the mountains of Grenada, j 
Conil, near Cadiz, in Spain. 

What is called by mineralo^sts volcai 
curs only in volcanic countries ; where 
greater or smaller quantity amongst laya, £ 
vicinity of Vesuvius^ &c. 

PHYSICAL PROPERTIES OF Si 

Sulphur is a combustible* dry, and cxci 
body, of a pale lemon-yellow colour. Its 
is 1.990. It is destitute of odour, except i 
heated. It is ofa peculiar faint taste. Itfrei 
lizes in entire or truncated octahedra, or 
a piece of sulphur of a considerable size 
heated ; as for example, by holding it in 
squeezing it firmly ; it breaks to pieces w 
noise. It is a non-conductor of electricitj 
becomes electric by friction. When heatec 
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before it melts, and its fusion commences at 184^ Fahr. ; 
at 289** it becomes volatilized, and takes iire^ at 302^. In 
the beginning of fusion it is very fluid, but by continuing 
the heat it grows tough, and its colour changes to a red* 
dish brown* If in this condition it be poured into water, 
it remains as soft as wax, and yields to any impression. 
In time^ however, it hardens again> and recovers its 
former consistence. 

It unites with most of the earths and with all alkalies, 
with muriatic acid, and becomes soluble, when thus 90m- 
bined, in water. It unites to most of the metals, and 
renders them brittle and fusible. It is soluble in oils ; 
water takes up a minute quantity^ as does ardent spirit 
and ether by means of heat. It dissolves in hydrogen 
gas, and unites to phosphorus by fusion. 

Sulphury like all combustible bodies, bums in proportion 
to the quantity of oxygen which combines with it. 

If melted sulphur be exposed in the open air to an 
increase of heat, it takes fire, and bums with a blue flame 
and suffocating vapour. The result of this combustion is 
sulphureous acid. According to the slow or rapid com- 
bustion, it absorbs different quantities of oxygen, and 
^ the produced acid differs in its properties. Sulphur heated 
in a close vessel sublimes without alteration. It is not 
changed by exposure to air. It is attacked by the nitric 
acid when poured on it in its fused state. 

METHOD OF OBTAINING SULPHUR. 

A prodigious quantity of sulphur is obtained from Sol- 
fatara, in Italy. This volcanic country every where ex- 
hibits marks of the agency of subterraneous fires : almost 
all the ground is bare and white; and is every wher^ 
sensibly warmer than the atmosphere, in the greatest heat 
of summer \ so that the feet of persons walking there are 
burnt through their shoes. It is impossible not to observe 
the sulphur; for a sulphureous vapour which rises through 
different apertures is every where perceptible, and gives 
reason to believe that there is a subterraneous fire under- 
neath from which that vapour proceeds. 

From pyrites sulphur is extracted in the large way by 
the following process : 



Method oj 

Pyrites is broken inti 
earthen tubes, which are 
A square vessel of cast-i 
' ed as a receiver with thi 
of the fire proceeds, atn 
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SECT. n. 



EXPERIMENTAL PROOFS OF THE PRO- 
PERTIES OF SULPHUR. 



Experiment I* 

Slow combustion of sulphur^ 

PUT some threads previously dipped in "sulphur into 
a cup or other vessel floating on water. Set fire to the 
threads, and cover the whole with an inverted glass re- 
ceiver. The threads will continue to bum for some time, 
and the whole Receiver will become filled with a dense 
white vapour. The water will ascend into the receiver. 
The whole is then to be left til) the vessel is become again 
transparent. If the water be now examined, it will have 
a suffocating odour anc) taste. It will turn the blue co* 
lour of litmus paper red^ and exhibit all the other signs 
that an acid has been formedf 

RATiovAi.E...The sulphur, being a simple body, has at 
an elevated temperature a great affinity to oxygen ; it 
therefore attracts it froni the atmospheric air, and thus 
becomes converted^ \xy slow combustion, into sulphure- 
ous acid gas, which is absorbed by water. The volume 
of air within the receiver being (^in^inished, is the cause 
of the ascent of the fluids 

This experiment may perhaps be more conveniently 
perforated by covering burning sulphur contained in a 
crucible with a large receiver^, and then placing the ap- 
paratt^ in a broad dish, and surrounding it with water. 

 ' < 

Experiment lit 
Rapid combustion of sulphur. 

Take a large receiver, or any other roimd-bellied botde 
with a wide orifice,. containing a little water; $t a bimg 
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Experiment IV. 

Sulphur u soluble in sulphuric ether. 

Take one part of sulphur reduced to a fine powder, put 
it into a botde, and pour over it eight of sulphuric ether; 
suffer the mixture to stand for some days^ taking care to 
agitate it frequendy. On decanting the supernatant fluid, 
the presence of sulphur may be proved, as stated before* 

Experiment V. 
Action of caloric on sulphur* 

If sulphur be put in a crucible placed among burning 
coals, it will soon enter into fusion* This first fusion is 
liquid ; but if it be kept longer over the fire it becomes 
tenacious, very thicks and dark coloured. When poured 
into water in this state* it will be soft as wax» and may- 
be easily worked into any form between the fingers* in- 
stead of being solid or brittle, as sulphur is in common. 
Sulphur in this state may be employed with advantage as 
a paste for taking impressiops from seals and engraved 
stones* 

It is this property of sulphur of which Mr. Tassie ha& 
availed himself to furnish elegant impressions of antique 
gems* 

It is supposed that sulphur rendered tenacious and co- 
loured by fusion has combined with a portion of oxygen ; 
and hence Fourcfoy has given it the name of oxyd of sul- 
phur* According to Dr. Thompson it contains 2.4 per cent* 
of oxygen. Dr. Thompson was unable to produce this 
change in the appearance of sulphur by heating it in a flat 
dish, where nothing impeded the volatilization, though he 
kept it melted in a glass capsule on sand heated to 250^ for 
ten hours together.* But the change took place in a short 
time when a considerable quantity of sulphur was kept 
melted in a crucible ; and the greater the quantity of sul- 
phur employed the sooner the change took place, and 
the n^ore complete it was effected. Dr* Irvine asserts that 

* Nicliolflon's Journal, Oct. 1803, p. 102. * 
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and gradually heated, it first begins to melt, but after- 
wards takes fire and bums vividly. The result is abrown-- 
ish black sulphuret^ weighing three ounces and six 
drachms. 

£XPERIMB19T II. 

Sulphur et of arsenic. 

If one part of sulphur and three of arsenic, both re- 
duced to powder, be melted together in a covered cruci- 
ble, a reddish yellow vitreous mass is obtained, which is 
a true sulphuret of arsenic. It is a perfect imitation of 
the native red sulphuret of arsenic, or realgar. It may be 
formed also by heating together the white acid of arsenic 
and sulphur. 

Experiment III. 

Sulphuret of lead. 

To obtain this compound^ let five parts of lead be fus- 
ed, and add gradually, by little at a time, two parts of 
sulphur, taking care to cover the crucible carefully. The 
compound thus obtained is sulphuret of lead. It greatly 
resembles the native sulphuret. 

Experiment IV. 

Sulphuret of tin. 

This sulphuret may be produced by fusing together 
three ounces of tin and one of sulphur. It crystallizes in 
leaves. Its colours is lead gray. 

£:2(P£RIM£NT V. 

Sulphuret of antimony. 

Sulphur combines easily with antimony, and forms a 
compound greatly resembling the native sulphuret of an- 
timony. To produce this sulphuret, let four parts of an- 
timony and one of sulphur be hastily fused together in a 
covered crucible, and suffer the mass to cool slowly. It 
crystallizes in needles. Its colour is a brilliant gray. 
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EXFEEIXENT VI. 

Sulphur et of silver* 

To obtain this sulphuret, let thin plates of silver and 
sulphur be laid alternately in a crucible ; press them well 
together, smd remove the crucible into a coal fire« As 
soon as the crucible has acquired a bright red heat the 
sulphur will have combined with the silver, and a jtrue 
sulphuret of silver is the result. This sulphuret is of a 
deep violet colour : it is britde, but capable of being cut 
with a knife. It is much more fusiUe than silver. 

Experiment VII. 
Sulphuret of bismuth* 

If we heat together equal parts of bismuth and subhur, 
both reduced to powder, in a crucible, the mixture fuses^ 
and on being suffered to cool, a grayish black sulphuret d 
bismuth is obtained, beautifully crystallized in needles, and 
frequently tinged with the most briUiant deq) blue and ' 
red colours. The crystallization is best 4Fected by suf- 
fering the surface of the fused bismuth to cool and be* 
come solid, then piercing the solid crustf and letting the 
portion which is still liquid run off, whereby a kind of 
cavity is formed, lined with the most briBiant needles, 
and which, when sawed through longitudiiiaUy, presents a 
crystalline mass worthy of being placed in valuable collec*^ 
tions amongst the most beautiral jmiductions of art. 

This sulphuret of bismuth is much more difficult of 
fusion than bismuth itself. Indeedy in forming the com-* 
pound, we. soon perceive that the fusion of the metal is 
retarded, and that^ in order to fuse it, much more heat 
must be employed than would be necessary if the metal 
were by itself. 

Experiment VIIL 
Sulphuret of Copper* 
{Aceension of sulphur and metals.) 

The union of sulphur with copper and other metals, at a 
low temperature, is attended with some remarkable phe- 
nomena. In order to exhibit this experiment, mix diree 
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parts of copper filings and one of sulphur reduced to 
powder intimately together : introduce this mixture into 
a glass tube or Florence flask, and hesyt it gradually over 
a lamp or coal fire. After the mixture has been heated to 
a certain degree, it begins to swell, and a small ignited 
^park becomes first visible at the bottom of the gla^ ves- 
sel, which increases in size, exhibiting a combustion more 
rapid than that of iron and sulphur, mentioned before* 

A society of Dutch chemists, consisting of Messrs. 
pieman. Pacts, Van Troostwyk, and others, were the 
first who observed this phenomenon* 

. They introduced filings of copper with different pro- 
portions of sulphur into small glass phials, from which 
common air was excluded ; being in some cases filled 
with carbonic acid gas, or nitrogen gas, and in others 
^th water or mercuryr 

Whenever the phial was heated under any of these cir- 
cumstances, the mixture began to swell, the metal always 
became red hot, and in some cases real inflammation took 
place, notuftthstanding the exclusion of oxygen gas* 

The proportions that produced most ignition or flanve 
were forty parts of copper and fifteen of sulphur. , 

Tin and sulphur succeeded in the same proportion. 

Lead and sulphur, the {m>portio|is being as forty-five 
of the former 9ttd fifteen of the latter* 
• ZiuQ and su^hur, }n the same proportion, burned with 
explosion. , 

Mercury, antimony, and cobalt, could not be made to 
inflame with sulphur* 

These experiment9 succeed equally well in the Tpnir 
c/sllian vacuum. ' "" 

COMBINATION OF SULPHUR WITH 

ALKALIES. 

Alkalies and sulphur have a great a$nity to each other 
in the dry as well as in the humid way* 

ExPEftXHEMT I. 

f . . • . . . 

Preparation of sulphuret of potash. 

If four parts of carbonate of potash be melted by a mo- 
derate heat, with three of sulphur, in a covered crucible| 
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a massi is obtained which after cooling exhibits a liver- 
brown colour. It is called sulphuret of potash. 

It may also be produced hy mixing four parts of suU 
phate of potash with one of charcoal powder, and exposing 
this mixture in a crucible to a bright red heat for about 
one hour* 

Sulphuret of soda may be formed in a like manner, by 
melting together five parts of carbonate of soda, freed 
from its water of crystallization, with three of sulphur. 

Experiment II. 

Sulphuret of barytesm 

If two parts of Sary tes and one of sulphur be mixed to- 
gether, and the mixture be heated in a crucible for about 
half an hour, or till it fuses, a reddish yellow mass is ob- 
tained void of odour, which is sulphuret of bar3^es. It 
may likewise be obtained from the native sulphate of 
barytes. See Barytes* 

Experiment lit. 

Sulphuref of strontiam 

If three parts of strontia and one of sulphur be gradu- 
ally heated till it melts, the compound obtained is sulphu- 
ret of strontia. 

Sulphuret of strontia may also be produced by heating 
sulphate of strontia in contact widi charcoal powder. 
See Barytes. 

Experiment IV. 

Sulphuret of lime* 

That sulphur 'combines with lime may be proved by 
mingling one part of sulphur with two of powdered lime, 
and heating the mixture in a covered crucible for at least 
half an hour^ or until no blue flame appears on the surface. 
The compound thus obtained is sulphuret of lime. In 
preparing this compound, care should be taken that both 
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the ingredients be very finely powdered, and intimately- 
blended together* The mixture should not be rammed 
tight in the crucible, but loosely introduced; whereas^on 
the contrary, the whole is otherwise apt to be blown out 
of the vessel, as soon £ls the mixture becomes red hot. 



Experiment V. 

Preparation ofsulphuret of ammonia. 

Ammonia also combines with sulphur. Sulphuret of 
ammonia may be obtained in the following manner : 

Two parts of finely powdered lime are put into a dry 
retort ; upon this one part of muriate of ammonia, well 
mingled by trituration with one-third part of sulphur, is 
poured, and the whole mingled together by shaking* The 
charged retort is then placed in a sand-heat ; a receiver, 
containing a little waten is adapted, and the distillation 
carried on very slowly. The fluid which passes over on 
increasing the heat is sulphuret of ammonia i it is of a 
deep yellow colour, a volatile and disagreeable odour, and 
fumes strongly in contact with air. In order to obtain 
sulphuret of ammonia very fuming, the first fluid which 
passes over must be kept separate ; for it is only this 
which is smoking, by reason of its contaitiing some un- 
combined ammonia. In other respects its properties are 
like the former combinations of sulphur with alkalies* Its 
volatility renders it capable of restoring oxydated metals 
to the metallic state, as may be evinced in the following 

\ 

Experiment VI. 

Dissolve some crystallized nitrate of silver, free from 
excess of acid, in a sufficient quantity of distilled water; 
dilute the solution with water, till writings performed 
with it on paper are invisible when dry. If this writing 
be exposed to the vapour of the sulphuret of ammonia, it 
will become visible with the brilliancy of silver. 

RATiONALE..*.The sulphuret of ammonia gives out 
sulphiuated hydi:ogen gas at the brdinary temperature of 
the atmosphere : on coming into contact with the solution 
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£xPERIM£lfT I. 



Fill a porpelain or earthenware tube with weD-tnimt 
diarcoal, and make it pass through the openings of the 
universal furnace {see tamer sal furnace) in such a way 
that one end shall be considerably elevated above di^ 
other. To the other end lute a wide glass tube, of such 
a length and shape that its end can be plunged t6 the bot- 
tom of a boCde of water. To the elevated extremity of 
the tube adapt another g^ass tube filled with small pieces of 
sulphur, and secured at the farther end, so that the sul- 
phur may be pushed forwards by means of a wire, with- 
out allowing the inside of the tube to communicate with 
the external air. Heat the porcelain tube, and conse- 
quently the charcoal which it contains, to redness, and 
continue the heat till air bubbles cease to come from the 
charcoal ; then push the sulphur slowly^ and piece after 
piece into the earthen tube. A substance will then 
soon be delivered by the glass tube, which condenses un- 
der the water in the botde into a liquid. This liquid is 
a combination of carbon and sulphur, and hence it has 
been called carburet of sulphur* 

Thb carburet of sulphur is transparent and colourless 
when pure', but very firequendy it has a greenish yellow 
tinge. Its taste is pungent, and its odour very peculiar 
and penetrating. Its specific gravity is 1* 3. It does not 
mix with water. When put into the receiver of an air- 
pump, and the air exhausted, it rises in bubbles through 
the water, and assumes the form of a gas. The same 
change takes place when it is introduced into the top of 
a barometer tube ; but it is again condensed into a liquid, 
when the tube is immersed under mercury. 

Carburet of sulphur bums easily, like alcohol and many 
other fluids. During the combustion it emits a sulphu- 
reous odour. Sulphur is deposited, and charcoal remains 
behind. When a litde of it is put into a botde filled 
with oxygen gas, it dissolves in it, and assumes the gase-* 
ous state. If a burning taper be applied to the mouth of 
the bottle, thic^ mixture bums instantaneously* and widi 
an explosion so violent as to endanger the vessel. It as- 
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sumes the gaseous form in the same way when placed in 
contact witfi atmospheric air. This mixture does not 
detonate when kindled, but bums quietly. Carburet of 
sulphur dissolves phosphorus readily ; it dissolves like- 
wise a small portion of sulphur^ but it has no action 
whatever on charcoal.* 

The combination pf sulphur with phosphorus will he 
considered in the next part. 



* Aim. de Chiin. 42, 136. 
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PHOSPHORUS. 



PART XII. 
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SECT. I. 

NATURAL HISTORY OF PHOSPHORUS. 

PHOSPHORUS is the next simple bod^we have to 
consider ; it has never been found pure in nature* It is 
always met with united to oxygen, or in the state of phos- 
phoric acid : in that state it exists very plentifully, and is 
combined to diflferent animal) vegetable, and mineral sub- 
stsuices. 

-••  

PHYSICAL PROPERTIES OF PHOSPHORUS. 

Phosphorus is a flesh-coloured or yellowish semi-trans- 
parent substance, of the consistence of wax, but brittle 
during frqst* In atmospheric air it is lufnindus at com- 
mon temperatures^ without emitting heat* It has a rough 
disagreeable taste^ and its odour resembles that of garlic. 
Its specific gravity is 2.033, water being 1.000. Phos- 
phorus crystallizes in laming, in needles, or elongated , 
octahedra. £xposed to the light it becomes covered 
with a crust, which is first white, next orange, and at last 
red^ It becomes licjuid at a temperature of 99^ Fahr. It 
has a strong attraction for metallic oxyds. It takes fire ,- 
spontaneously, and bums rapidly in die open air at 122<> 
Fahr. with a brilliant white flame, and becomes con- 
verted into phos^oric acid. . It is volatilized at SS4^ Fahr. 
It is soluble in caustic alkalies by the assistance of heat. 
Expressed and essential oils take up a small quantity^ and 
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% NICOLA'S PROCESS. * 

Take a quantity of bones of adult animals, bum them 
to whiteness in an open fire, and reduce them to a fine 
powder. Upon three pounds of this powder, after having 
been put into a mattrass, there may be poured one pound 
of concentrated sulphuric acid of commerce ; four or five 
pounds of water must be afterwards added by degrees, to 
assist the action of the acid. During the whole process 
the operator must place himself and the vessel so tiiat the 
fumes of the mixture may be blown from him. The whole 
is then to be left in a gently heated sand-bath for about 
twelve hours or more, taking care to supply the loss of 
water which happens by evaporation. The next day a 
large quantity of water must be added, the* clear liquor 
afterwards decanted, and the rest strained through a cloth 
or sieve. The residuary matter is to be edulcorated by 
repeated affusions of cold water, till it passes tasteless. 
The water which has been used to wash out the adhering 
acid is mixed with the before decanted or strained liquor, 
and the whole fluid is gradually evaporated in a flat earthen 
basin to the consistence of syrup. It is then to be mixed 
with four ounces of charcoal powder, and submitted to 
distillation in an earthen, retort. Instead of applying a 
receiver, the neck of the retort may be immersed in a' 
basin of water to a small depth, and the phosphorus as 
it comes over will fall in drops to the bottom. 

RATkoNAi.E....The first part of the process consists in 
destroying the gelatine of the bones, by the action of heat. 
They then consist of phosphate of lime, mixed with a very 
litde carbonate of lime. In the second part of the pro- 
cess, the phosphate of lime is decomposed by the sul- 
phuric acid : this decomposition is, however, only partial. 
The sulphuric acid combines with part of the lime, and 
forms an insoluble sulphate of lime. The phosphoric 
acid, separated from that portion of lime, immediately 
combines with the rest of the phosphate, and produces 
a super-phosphate of lime, which is no further decom* 
posable by sulphuric acid. 

The super-phosphate of lime thus formed is soluble 

• in water, but as the sulphate of lime with which it is 

mixed concretes into a very thick or solid mass, it is iu 
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vnXtXs and apply to it one of the ehds of Ae tube, while 
ydu hold the other in your mooth ; make a short inapira^ 
tion, that the phosphozw may ascend a little way in the 
tube $ stop the inspiratbn when the phosphorus has riseA 
a sufficient height, and dose the extremity of the tube 
with the fore finger, and immerse it in a basin of cold 
katen The phosphorus will soon become fixed, and by 
a slight shake may be separated firom the tube. 

The combustibility and luminous property of phospho- 
rus have given birth to various amusing experiments ; 
which we shall insert, for they are weu calculated to 
, evince some of its characteristic properties in a pleasing 
inanhet, ^ . 



SECT, n, 

EXt^ERIMENTAL PROOFS OF THE PRO- 
PERTIES OF PHOSPHORUS. 

ExPERIMEKt I. 

Phbiphoms burns di the common temperatures of the * 

atmosphere* 

LUMINOtrS CHARACTERS. 

THAT phosphorus bums at the usual temperature is 
obvious by writing with a cylinder of it upon bUick paperi 
0r upon any other smooth surface. TTie writing appears 
luminpus in the dark, as if on fire ; the fiery appearance 
vanishes by blowing on the object, but becomes visible 
again in a few seconds. 

If the writmg is performed upon the purple (coloured 

5«per of this countiy^ the traces appear red in the dayl- 
ight after the luminous appearance has ceased. 

RATioNALE....The phosphorus has been converted into 
phosphoric acid, which changes the blj^e vegetable colour 
of the paper to red : the light evinces the combustion of 
t^he phosphorus. 
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the phial is dien to be loosely stopped, and left undis* 
turbed for a few minutes ; small quantities of phosphorus 
are thus repeatedly added until the phial is full. Another 
method ' of preparing this phosphoric bottle consists in 
heating two psuts of phosphorus and one of lime mixt 
together in a loosely stopped pKial for about half an hour.' 
. To use this fire-bottle, a common match or small bit of 
wood tipped with sulphur is introduced into the phial, 
turned round and quickly drawn out^ which causes the 
phosphorus to take fire as soon as it comes out of the 
bottle. * 

!^hosphoric fire-bottles may also be prepared by adding 
to meltbd^ phosphon^s under water one sis^^^nth of sul- 
phur. This compound is so inflammable that if a minute 
quantity be taken out of the bottle with a match, and 
rubbed upon a cork, it inflames instantly, and fires the 
match. (See Append No^ 11.) 

Experiment V- 

Phosphoric tapers. 

*  . 

Take z glass tube, about four inches long and one line 
wide, closed at one end. A small quanti^ of phosphorus 
is to 4)6 introduced into the tube« and pushed to its ex- 
tremity with an iron wire, after which a taper covered 
at One end with wax is put into it ; the open end of the 
tube is then hermetically sealed, and the other plunged 
into hot water. The phosjphorus melts and fixes as it 
cools upon the taper. A line is then drawn by means of 
a diamond or file at one-third of the tube. To use these 
tapers, the tube is broken at the marked line ; and when 
it is quickly drawn out, it takes fire, and bums rapidly. 

Experiment VI. 

Phosphorized ether. 

If phosphorus be dissolved in rectified sulphiu-ic ether, 
and poured into a decanter, at the bottom of which is a 
little water, a brilliant light is disengaged, which passes 
with a serpentine motion along the surface of the fluid. 
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dark as soon as the phial containiBg it is unstc^ped, and 
opaque again when the phial is corked* It may serve for 
showing the hour of the night, by holding a pocket-watch 
against the botde when unstopped. It may likewise be 
used for forming luminous writings, or drawings, by means 
of a small brush* It may also be rubbed on die face, 
hands, &c* to make them appear luminous, without lo- 

Liquid phosphorus may likewise be prepared by tritu-^ 
rating phosphorus in a stone mortar, with oil of cIotcs* 
This method is expensive. 

EZPEBIMENT VIIL ' 

Accension of phosphorus by mecms qf sulphuric acid and 

water. 

Melt over a slow fire, in a cup, gallipot, or phial, con- 
taining a table-spoonful of water, a small quantity of phos- 
phorus : as soon as the water boils, pour into it about one 
drachm of concentrated sulphuric acid. In a few minutes 
the surface of the mixture becomes filled with luminous 
vapours, a considerable ebullition takes place, accom- 
panied with a hissing noise, which increases gradually 
until the mixture takes fire, with a smart explosion. Lit- 
de fire-balls and stars will be thrown out in all directions, 
and the whole will boil very high. 

RATioNALE....This acccnsion of phosphorus is owing 
to the heat evolved by the mixture of the acid and water. 

R£MARK....To perform the experiment with safety, 
the vessel containing the water and melted phosphorua 
should be fastened to the end of a long stick, in order 
that die operator may be at a sufficient distance when the 
explosion takes place, as it frequendy happens that the 
vessels are dashed to pieces die moment the mixture is 
made, and the whole is thrown about to a considerable 
distance. 

Experiment IX. 

Phosphorus precipitates copper in a tnetaUic state* 

Put into a concentrated solution of nitrate, or sulphate 
of copper, ^ cylinder of phosphorus, and leave it undis- 
turbed for at least twenty-four hours. The phosphorus 
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COMBINATION OF PHOSPHORUS WITH 

METALS. 

EXPERIMXMT L 

Phosphuret of arsenk. 

PhoBphuret of arsenic may be obtained in the follow-* 
ing manner : Take two parts of metallic arsenic* reduce 
}t to an impalpable powder^ put it intQ a Florence flask, 
and pour over it six of water, and then add one of pbos^ 
phorus. Place the flask over the lamp-furnace, and apply 
a gentle heat for at least three hours, taking care to sup- 
ply the water as it evaporates. The phosphuret of arse- 
nic thus obtained is of a brilliant gray colour ; it may be 
^eed from the adhering or superfluous phosphorus, by 
squ^e^ing it through ft foe musUn, uixder the surface of 
heated watert 

Experiment II. 

Phosphuret of Copper* 

To obtain phosphuret of copper, let the finest copper 
wire (hat can be obtained be coiled up into a ball, and 
heated to redness in a crucible, and then let fall pfi it 
pieces of phosphorus, until the copper melts. The phos- 
phuret thus obtained is of a yellowish white colour : on 
being broke, it exhibits a crystalline appearance. It soon 
loses its lustre oi^ ^^posure to the air, and becomes 
blackf 

Experiment III. 

Phgspfiuret qf gold* 

This compound may be obtained in a similar manner, 
by letting fall pieces of phosphorus on flne gold wire> 
heated to whiteness, expeditiously covering the crucible 
the m^n^^nt the phosphorus ha? reached ^e gold wire. 
Phosphuret of gold is of a brass-yellow colour. It is very 
brittle, afid exhibits, on being broken, needle-shaped 
crystalSf 
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EXPERIHENT VIIL 

Phosphuret of cobalt 

May be formed by heating to redness, in a crucible, 
cobalt, broken into pieces of the size of a split pea, and 
then adding to it gradually pieces of phosphorus of the 
same size, until the cobalt fuses. Phosphuret of cobalt 
is of a reddish-white coloiu* : it is very brittle, and fuses 
more easily than cobalt. 

COMBINATION OF PHOSPHORUS WITH 

ALKALIES. 

« 

EXjPIIftlMENT I. 

Preparation of phosphuret of lime. 

T^G sui earthen or glass tube, about one foot long and 
three-quarters of an inch in diameter, and closed at; one 
end; put into this one ounce of phosphorus, cut iiit# 
pieces of the size of a pea^ and freed, by means of blotting^ 
paperf from the adhering water ; then introduce into the 
tube three ounces of freslh burnt lime of the size of split 
peas, and stop the other opening of the tube loosely with 
a.chalk stopper^ to prevent the access of air. Having done 
this, heat to mdness^Aoi ;tort of the tube which contains 
the Sme^ by means of charcoal : when the jliQie may be 
supposed to be ignited, apply heat to the part containing 
the phosphorus, so as to sublime it, and to bring the va-* 
pour of it into contact with the ignited lime. The lime 
and phosphorus will now unite and form a mixtiufe of a 
reddish brown colour, which is phosphuret of lime. This 
prejparation has th^ property of making fire rise out of 
water, when small pieces of it are dropt into it. 

RATiONALS....The phenomenon is t>wing to a decom* 
position of water at the common temperiatjare, which shall 
be more fully treated on under the article phosphorized 
hydrogen gas* ' . 

R£MARK..,..If a glass tube be made use of for preparing 
phosphuret of lime, that part of the tube which is heated 
(which may conveniently be done by passing it through 
the universal furnace, or through a chafing dishy filled 
with ignited charcoal) should be coated with clay, or 
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leather. In* order to separate from it a small quantity of 
phosphorus^ which it contains in excess^ it should be put 
into a retcnt, and exposed for some time to a moderate 
heat. What remains behind in the retort is the pure 
phospburet .of carbon. It is a lig^t flaky powder, of a 
lively orange ted, without taste or odoi^** When heated 
in the open air, it bums rapidly, and a quantity of char- 
coal remains behind. When th6 retort in which it is 
formed is heated red hot, the phosphorus comes over^ 
and the charcoal remains behind. "^ 

This phosphuret of carbon may also be obtained by 
putting a few grains of phosphorus in a silver spoon, ao^ 
then beating the. spoon, to cause the phosphorus to bum. 
After the coflibjjistiQn of the phosphorus has ceased, a red 
trace will be observed in the spoon, which is carburet of 
phosphorus-; hence the pure phosphorus always ccmtainsa 
portion of this compound, from which it cannot be freed 
by any process yet known. 



* Ann. de Chim. xxxiv. 44. 
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diamond mines in Golconda, and fifteen in Visapour* The 
depth of these .mines is commonly three or four fathoms. 
The miners can seldom dig deeper, on account of the wa- • 
tery which they have no method of removing. In one of 
the Oolconda mines^ they are obliged to dig through rock 
five or six feet deep, before they come to &e stratum of 
earth ui which the diamonds are deposited. They work 
through this rock with great diftculty, as they seem to 
be altogether unacquainted with die use <^ gunpowder in . 
mining. They, however, in some measure supply its 
place by lighting a large fire on that part of the rock 
through which they int^d to pass : when the heat has 
penetrated the rock to a sufficient depth they split it, by 
throwing cold water upon it. Diamonds, when taken out 
of the e2uth,are incrusted with an exteriorearthy covering, 
under whith is another, consi^tinfl^ of carbonate of lime. 

This earthy incrustation covJt them so perfectly, that 
it is with the utmost difficultyKhat they can be distin- 
guished from an indurated iron ore. It acttieres sq strongly^ 
to them^ upon many occasions, diat it cannot be got off out 
by grinding or rubbing them against one another. From 
this, as well as from the foreign Aiatter that is^fVequently 
found in the centre of diamonds, it would appeal- that they 
were once in a soft or fluid state^ Or that it was not till idng 
after their first formation that th^y acquired that hard* 
ness for which they are so much vajjued. In ccmsequence 
of the diamond, when bedded in the earth, having so lit** 
tie of the lustre by which it is easily distinguished in its 
polished state, it is necessary to examine the earth in 
which they lie with the utmost attention. In order to 
render this as easy as possible, the lighter earths, and 
those parts that approach in quality to common mouldy 
are removed by agitating the whole in water, and pour- 
ing oiPimmediately the muddy fluid. As the diamond 
is among the heaviest of the earthy and stony substances^ 
there is little danger of its being carried off in this man- 
ner. Those parts which are not carried off by the watef 
are dried in the sun, and carefully examined. Eveiy 
thing that has the smallest resemblance to the diamond 
is rubbed against the common kinds of tftone« If it 
does not discover itself to the satisfaction <if the miners hy 
this method, they strike it with violence against ^'haird 
body, and sometimes with the iron instnmlent with whith 
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PHYSICAL PROPERTIES OF DIAMOND- 

Diamond is always crystallized ; but sometimes so im« 
perfectly, that at first sight it might appear amorphous. 
The figure of the diamond when perfect is an eight-sided 
prism. There are also cubical, flat, and round diamonds. 
It is the oriental diamond which crystallizes Into octahe* 
dra, and exhibits all the varieties of this primitive figure. 
The diamond of Brazil crystallizes into dodecahedra. 

The texture of the diamond is lamellated, for it may be 
split or cleft with an instrument of well-tempered steel, by 
a swift blow in a particular direction. There are, however, 
some diamonds which do not appear to be formed of la- 
fhitKffj but of twisted and interwovem fibres, like those of 
knots in wood. These exceed the others greatly in hard- 
tiess ; they cannot be cut or polished, and are therefore 
called by thie lapidaries diamonds of nature. 

The diamond is one of the hardest bodies known. It 
resists the most highly tempered steel file, which circum- 
stance renders it necessary to attack it with diamond 
powder. It takes an exquisite and lasting polish. It has 
a great reftactive power ; and hence its lustre, when cut 
into the form of a regular solid, is uncommonly great. 
It sparkles with all the splendour of the rainbow, princi- 
pally when its effects are multiplied by cutting, and the 
number of the polished facets with which it is enclosed. 
The usual colour of diamonds is a light gray, often in* 
dining to yellow, at times lemon colour, violet, or black, 
seldomer rose-red, and still more rarely green or blue, but 
more frequendy pale brown. The purest diamonds are 
perfectly transparent. The colourless diamond has a spe- 
cific gravity which is in proportion to that of water as 
3.512 to 1.000, according to Brisson* This varies^ow- 
ever, considerably. When rubbed it becomes positroely 
electric, eveii before it has been cut by the lapidary. / 

Diamond is not acted upon by acids, or by any chemi- 
cal agent, oxygen excepted ; and this requires a very- 
great increase of temperature to produce any effect. It 
then bums with flame and decrepitation. 

The diamond bums by a strong heat, even in common 
aio with a sensible flame^ like other combustible bodies. 



^v 



Proofs of the Combustibility ofDktmond* 211 

attracting oxygen, and becoming whoDy converted into ^ / 

carbonic acid gas during that process. / 

It combines with irop by fusion, and converts it, like 
^common charcoal, into steel; but diamond requires much 
more oxygen to bum in than common charcoal does, and 
even then it consumes but slowly, and ceases to bum llie 
instant its temperature is lowered. 

It is considered by modem chemists as PURE CRYS" 
TALLIZED CARBON. (See Afifendix No. 12.) 



SECT. n. 

PROOFS OF THE COMBUSTIBILITY OF 

DIAMOND. 

The combustibility of the diamond is a phenomenon 
sufficiently interesting to induce us to give an extract of 
the principal experiments which have served to advance 
our kno\^ledge upon this subject. 

The emperor Francis I, exposed to a vehement heat 
the value of six thousand florins in diamonds and rubies; 
the diamonds disappeared, but the rubies remained unal* 
tered. These experiments were repeated; and it was 
ascertained that the diamond lost its polish, scaled off, 
and was dissipated. 

The gitind duke of Tuscany, in 1694, caused experi- 
ments to be made by Averoni and Targioni, by the mir- 
ror of Tschimhausen, and the diamond disappeared in a 
few minutes. 

These ^speriments were repeated by the French che^ 
mists, Darcet, Cadet, Lavoisier, &c. with equal success* 
The details of their experiments may be seen in the vo- 
lumes of the Academy of Sciences, aQd the Journal de 
Physique for the year 1772. • 

. Macquer took notice that the diamond dilated, swelledp 
and burnt with a blue flame. Ladriana* mentions an 
experiment, in which the diamond was fixed to the end 
of a small iron wire, which was heated red hot, and 
plunged into a vessel filled with oxygen gas. The com- 
bustion of the iron communicated itself to the diamondi 

* Aimaks de Chim. torn. ad. p. 156. 
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whjtch burnt in this gas with a very bright flame. This 
experiment, however, did no£ succeed with the diamond 
of Brazil. 

Lavoisier aad Cadet proved that the combustion of the 
diamond, in close ve^els, like all other QombuatiUe bodies, 
ceased as soon as t^e oxygen was exhausted, and that it 
only burnt in proportion to the oxygen presented to it. 

De Saussure burnt a diamond by means of the blow- 
pipe. 

But as the sole object of all the former experiments was 
to ascertain the combustibility of the diamond, no atten- 
tion was paid to the products it afforded during the pro- 
cess ; and it still remained to be determined whether the 
diamond was a distinct substance, or one of the known in* 
flammable bodies. No attempt was made to decide this 
question, till Lavoisier, in 1777, undertook a series of 
experiments for this purpose. He exposed the diamond 
to a large lensy and was thus enabled to bum it in a close 
glass vessel. He observed that the air, in which the dia- 
niond had been burnt, became absorbed by water ; that 
it disturbed lime-*water ; and that the precipitate obtained 
yrzs soluble in acids wiUi efiervescence. 

Carbonic acid had therefore been formed. As nothing 
was present but diamond and oxygen, and as carbonic acid 
ga& consists of charcoal, oxygen^ and caloric, the diamond 
and oxygen must have been converted by caloric into the 
state of carbonic acid gas ; and hence the diamond nuist 
have been charcoal. 

The diamond is therefore a combustible body* which 
bums in the same manner in oxygen gas as charcoal does* 
This strict and accurate conaequence is deduced from all 
the experiments which can be imagined to acquire a per? 
feet demonstration. But that the diamond was charcoai 
in its pure and crystQllized state was left to the determir 
nation of modem chemists. 

GUiytOQ Morveau applied the solar heat, by means of a 
great leps, to a diamond placed ii^ a china cup, and surr 
founded in a proper apparatus^ with a confined quantity 
of o3;ygen gas. 

In one experiment the diamond exhibited, first, a black 
point at the angle directly struck by the solar rays ; after 
this, it soon became completely black, and of a coaly ap- 
pearance ; the instant afterwards, brilliant and^asjt ^ere 
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boiling points were distinctly perceived on the black 
ground* It now began to diminish in size, and in a short 
time no more than one-fourth was remaining. It was then 
withdrawn. It was without any marked sharp angles or 
edges, but still very white, and of a beautiful trsmsparen- 
cy. The diamond was a second time heated with the 
solar ray^, and in twenty minutes entirely consinned with- 
out any residue. During this operation the same pheno- 
mena were obsei-ved. 

A solution of barytes was then introduced over the 
mercury, confining die air in which the diamond had 
been consumed. It became immediately milky, the vo- 
lume of the gas diminished, and carbonate of barytes was 
formed. 

In this process a greater quantity of carbonic acid was 
obtained than would have been produced had the dia- 
mond been in the same state as common charcoal : for 
one part of charcoal absorbs during combustion 2.527 of 
oxygen, and produces Z*S75 of carbonic acid ; but one 
part of diamond absorbs somewhat more than four parts 
of oxygen, and produces five of carbonic acid. 

The diamond of which Guytcm effected the complete 
combustion was a native octahedral crystal. It burned 
in a temperature of about 90 pyroanetrical degrees, which 
in the scale of Wedgwood constitutes a difference of from 
183*' to 1765*. 

We are likewise indel^d to Dr. Smithson Tennant for 
some excellent experiments on- the nature of the diamond. 
His paper, of which we shall give an abstract, is in the 
Philosophical Transactions for 1/91. Dr. Tennant has 
taught us a method of effecting the combustion of the 
diamond in a much easier manner than that stated above, 
tie has proved that, by means of nitrate of potash, the 
combustion may be accomplished in a moderate heat. 

The Dr. procured a tube of gold, which having one 
end closed, served as a retort, to which a glass tube was 
adapted, in order to collect the air produced. To be cer- 
tain that the gold vessel was perfectly closed, and that it 
did not contain any thing which could occasion the pro- 
duction of carbonic acid, some nitrate of potash was heat- 
ed and decomposed in it, and afterwards washed out with 
water. The solution was examined, but did not exhibit 
any appearance of carbonic acid* 
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The diamond was then burnt in this vessel by means of 
nitrate of potash. When it was thus destroyed, the sub* 
stance which remained precipitated lime from lime-water; 
and on the addition of acids, afforded carbonic acid gas 
and nitrous gas, and therefore consisted of nitratt of pot*- 
ash partly decomposed, and carbonate of potash. 

In order to estim'ate the quantity of carbonic acid which 
might be obtained from a given quantity of diamonds, 
two grains and a half of small diamonds were put into the 
golden' tube, with a quarter of an ounce of nitrate of pot* 
ash, the whole was then kept in a strong red heat for about 
an hour and a half. After the tube had grown cold again, 
the contents were dissolved in water, consequently the 
diamonds had been destroyed. 

In order to ascertain the quantity of carbonic acid, the 
contents which had been dissolved were decomposed hy 
muriate of lime : hence muriate of potash and carbonate 
of lime were obtained. This carbonate of lime was sepa- 
rated from the supernatant muriate of potash, and intro- 
duced into a glass globe, having » tube annexed to it. 
This globe and tube were then filled with mercury, and ia-^ 
verted in a vedsel containing the same fluid. The lime by 
that means was made to occupy the very top of the tube. It 
now remained to separate the carbonic acid from the lime : 
it was therefore mixed with muriatic acid ; by this means^ 
10.3 ounce measures of carbonic acid gas, or nearly 9.166 
grains, were separated; but, according to the experiments 
of Lavoisier, this gas is composed of 72 parts of oxygen 
and ^8 of carbon ; 9.166 grains, therefore, contain 2.56 
grains of carbon, which is almost the weight of the diar 
mond consumed ; and hence it follows, that it was com- 
posed of pure carbon, or the pure acidifiaUe basis of die 
carbonic acid. 

The combustion of the diamond is effected at three dif- 
ferent temperatures. At the first and least elevated tein- 
perature the diamond assumes a gray ind black colour ; 
this is the first degree of oxydation ; it is the state of the 
plumbago and of the anthracolite, or incpmbustible pit*^ 
coal. 

At the second degree of temperature there is a new; 
slow, and successive combination of oxygen ; it then con-» 
stitutes the habitual state of our charcoal* 
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any great advantage to mankind. It is difficult to con- 
ceive to what use this substance could be generally appli- 
ed ; and though the mention of a method of making dia* 
monds might possibly procure a handsome fortune to the 
inventor, a publication of the process would infallibly les* 
sen the value of diamonds so prodigiously, that the manu- 
facture would considerably sink in value* Ifwhat has been 
advanced before be right, there is no want of materials from 
which diamonds might be made. AU nature abounds with 
charcoal, or its combinations ; whole mountains, nay king- 
doms, are composed of chalk and limestone, in wluch dia- 
monds ought to be contained in astonishing abundance. 
But, plentiful as this principle may be, there appears at 
present no likely method of obtainingit pure or uninsulated. 
The diamond is advantageously used, on account of its 
excessive hardness, to engrave on hard stones and g^ass, 
or to cut them into convenient pieces. It is also used as 
an ornament. The extreme hardness, the labour of cut- 
ting and polishing it, together with its rarity, render it 
precious without the assistance of the caprice of fashion. 



Before we proceed farther in the description of simple 
substances, it will be nAessary to illustrate the nature and 
production of gases^ together with their properties ; for 
the agency of these bodies produces so considerable a 
number of the phenomena which distinguish some bodies 
from others, that without a previous acquaintance with 
them a great number of the experiments illustrative of the 
properties of simple substances would be unintelligible. 
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PART XIV. 



6ECT. I. 

NATURE OF GASES. 

BY the word ^ases we distinguish permanently elastic 
aeriform fluids, or substances which have the appearance 
of air ; that is to say, they are transparent, elastic, ponder* 
able^ invisible,^ and not condensible into a liquid or solid 
state by any degree of cold hitherto known* 

-Some of the gases exist in nature, without the aid of 
art, and may therefore be collected ; others, on the con* 
trary, are only producible by artificial means. 

AU gases are combinations of certain 8ubstances5 redu^ 
ced to the gaseous form by the addition of caloric and 
light. It is therefore necessary to distinguish in every 
gas the matter of heat which acted the part of a solvent, 
and the substance which forms the basis of the gas. Gases 
are not contained in those substances from which we ob» 
tain them in the state qf gas, but owe their formation to 
the expansive property of caloric. 

The bases of some gases are known to us, and may be 
exhibited in an uncombined state ; others again are not 
producible by art. 

* Orjrgenated miiriatic acid gia, and mtrous acid gas, art the inly 
exceptions to xlu9 rule. 

VOL. I. 38 
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FORMATION OF GASES. 

It has been mentioned before, that the different forms 
under which bodies appear depend upon a certain quantity 
of caloric chemically combined with them. The very 
formation of gases corroborates this truth. Their pro- 
duction totally depends upon the combination of particular 
substances with caloric ; and those we call permanently 
elastic are only so because we cannot so far reduce their 
temperature as to dispose them to part with it; otherwise 
they would undoubtedly become fluid or solid. 

Water, for instance, is a solid substance in all degrees 
below 32<> of Fahrenheit's scale ; above this temperature 
it combines with caloric and becomes a fluid. It retains 
its fluidity under tho^x>rdinary pressure of the atmosphere^ 
till its temperature is augmented to 212<^. It then com- 
bines with a larger portion of caloric, and is converted 
apparently into gas, or at least into elastic vapour ; in 
which state it wpuld conlinujs if the temperature of our 
atmosphere was above 212<>. Gases arc therefore solid 
substances, between the particles of which a repulsion is 
established by the quantity of caloric. 

But as in the gaseous water or steam the caloric is 
retained with but little force, on account of its quitting 
the water when the vapour is merely exposed to a lower 
temperature, we do not admit steam amongst the class of 
gases, or permaneht aeriform elastic fluids. In gases, 
caloric is united by a very forcible afiinity> and no dimi- 
nution of temperature or pressure that has ever yet been 
effected can separate it from them. Thus the air of our 
atmosphere in the nkost intense cold still ren^ains in tl^e 
aeriform state ; ^d hence is derived the essential cha- 
racters of gases, namely, that they shall remain aeriform^ 
under all variations of pressure and temperatures* {See 
Appendix No* 14.) 

In the modem nomenclature, the name of every sub- 
Stance existing in the aeriforn^ state is derived from its 
^olid base ; and the term gas is used to de]:^)te its existr 
ence in this state. 

. In order to illustrate the formation of gases, or to show 
in what manner caloric is combined with them, the fol- 
lowing experiment may serve. 



Pneumatic Apparatus. 21 9 

Experiment I. 

Put into a retort, capable of holding half a pint of wa- 
ter, two ounces of muriate of soda (common salt) pour on 
it half its weight of sulphuric acid, and apply the heat of 
a lamp ; a great quantity of gas is produced^ which might 
be collected and retained over mercury. But to serve the 
purpose of this experiment, let it pass through a glass re- 
ceived, having two openings, into one of which die neck 
of the retort passes, whilst from the other a bent tube 
proceeds, which ends in a vessel of water. Before clos« 
ing the apparatus, let a thermometer be included in the 
receiver, to show ^e temperature of the gas. It will be 
found that the mercury in the thermometer rises only a 
few degrees, whereas the water in the vessel which re- 
ceives the bent tube will soon become boiling hot* 

RAi'roNAL£....Common salt consists of muriatic acid 
United to soda; on presenting sulphuric acid to it a de-^ 
composition takes place. The sulphuric acid unites by 
virtue of its greater affinity to the soda^ and forms sul- 
phate of soda, or Glauber's salt ; the muriatic acid be- 
comes therefore disengaged, and takes the gaseous form, 
in which it is capable of existing in our temperature. Tor 
trace the caloric during this experiment, as was our ob- 
ject, we must remark, that it first flows from the lamp to 
the disengaged muriatic acid, and converts it into gas ; 
but th^heat thus expended is chemically united, and there- 
fore not appreciable by the thermometer. 4The caloric, 
however, is again evolved, when the muriatic acid gas i& 
condensed by the water with which it forms liquid muri- 
atic acid. 

In this experiment we therefore trace calojric in a che- 
mical combination producing gas ; and from this union 
we again trace it in fire or sensible heat. 
. Such in general is the cause of the formation and fixa- 
tion of gases. It may be further observed, that each of 
these fluids loses or suffers the disengagement of differ- 
ent quantities of 'heat, as it becomes more or lesis solid in 
its new combinatipn, or as that combination is capable of 
retaining more or less specific heat. 

PNEUMATIC APPARATUS. 

The discovery of aeriform or gaseous fluids has occa- 
sioned the necessity of some peculiar instruments, by 
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means of which those substances may be convmiently 
collected and submitted to examination. The principsd 
ones for th^t purpose are styled the pneumatic apparatus. 

THE PNEUMATIC RESERVOIR OR CISTERN. 

Is made either of wood or strong sheet-iron tinned, ja- 
panned, or painted. A trough of about two feet long, six- 
teen inches wide, and fifteen high, has been found to be 
sufficient for most experiments. Two or three inches 
below its brim, a horizontal shelf is fastened, in dimen^ 
stOn about half or one-third part of the width of the trough* 
In this shelf are several holes : these holes must be made 
in the centre of a small excavation, shaped like a funnel^ 
which is formed in the lower part of the shelf* 

This trough is filled with water sufficient to cover the 
shelf to ^c height of an inch. 

The use of this shelf is to support receivers^ jars, or ' 
bell-glasses5 whicfe, being previously filled with water, are 
placed invertedly, their open end turned down upon the 
above-mentioned holes, through which the gases, conveyed 
there and directed by means of the flinnel-shaped exca- 
vations, rise in the form of air-bubbles into the receiver. 

When the gaseous fluids are capable- of being absorbed 
by water, as is the case with some of them, the trough 
must be filled with mercury. The price and gravity of 
this fluid make it an object of convenience and economy, 
that the trough should be smaller than when water is 
used. 

A mercurial trough is best cut in marble, free-stone« 
or a solid block of wood. A trough about 12 inches 
long, 3 inches wide, ami four deep, is sufficient for all pri- 
vate experiments. 

' SECT. IL 

r " 

METHOD OF COLLECTING GASES, AND . 
TRANSFERRING THEM FROM ONE 
VESSEL TO ANOTHER. . 

PREVIOUS to undertaking experiments on gases, it 
may be well for the unexperienced operator to accustom 
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himself to the dexterous management of coUeeting and 
transferring common air* 

Experiment I. 
Methods of transmitting cdr from one vessel to another. 

If we are desirous of transferring air from one vessel 
to anodber, it is necessary that the vessel destined to re* 
ceive it be full of water, or some fluid heavier than au*. 
For that purpose^ take a wide mouthed bell-glass or re* 
ceiver, plunge it under the water in the trough in order to 
fill it, then raise it with the moudi downwards, and place 
it on the shelf of the trough, so ais to cover one or more 
of the holes in it. 

It win now be full of water, and continue so as long as 
the mouth remains below die surface of the fluid in the 
cistern; for in this case the water is sustained in the ves* 
sel by the pressure of the atmosphere, 4n the same man« 
ner as the mercury is sustained in the barometer. It may 
without difficulty be imagined, that if common air (or 
any other fluid resembling common air in lightness and 
elasticity) be suffered to enter the inverted vessel filled 
with water, it will rise to the upper part on account of its 
levity, and the surface of the water will subside. To ex* 
emplify this, take a glass or any other vessel, in that state 
which is usually called empty ^ and plunge it into the water 
with its mouth downwards, scarce any of it wiU enter th^ 
glass, because its entrance is opposed by the elasticity of 
the included air ; but if the vessel be turned with its 
mouth upwards, it immediately fiik* and the air rises in 
bubbles to the surface. If this q)eration be performed 
under one of the jars or receivers which are filled with 
water, and placed upon the perforated shelf, the air will 
ascend m bubbles as before ; but, instead of escaping, it 
will be caught in the upper part of the jar, and expel part 
of the water it contains. 

In this manner we see that air may be emptied out 
of one vessel into another by a kind of inverted pouring; 
hy which means it is made to ascend from the Iowa* to 
the upper vessel. When the receiving vessel has a nar* 
row neck, the air may be poured in a similar manner 
through an inverted funn^ inserted in its mouth. 
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If the air is to be transferred from a vessel that is stop* 
ped like a bottle, the bottle must be unstopped with its ori* 
fice downwards in the water, and then inclined in such a 
manner that its neck may come under the perforated ex- 
cavation of the shelf. The gas will escape from the bot* 
tie ; and, passing into the vessel destined to receive itj 
will ascend in it in the form of bubbles. 

In whatever manner this operation is performed, the 
necessity of the excavation in the lower part of the shelf 
may be readily conceived. It is, as mentioned before, 
destined to coUect the gas which escapes from the vessel, 
and direct it in its passage towards the vessel adapted to 
receive it. Without this excavation, the gas^ instead of 
proceeding to the place of its destination, would be dis* 
persed and lost. 

The vessels or receivers for collecting the disengaged 
gases should be glass cylinders, jars, or bell-glasses of 
various sizes ; some of them should be open at both ends» 
others should be fitted with necks at the top^ ground per- 
fectly level, in order that they may be stopped by ground 
flat pieces of metal, glass, slate, &c. others shoiild be fur- 
nished with ground stoppers ; some should be graduated 
into cii^bic inches, and subdivided into decimal or other 
equi-distant parts. Besides these> common glass botdes, 
tumblers, &c. may be used. 



CLASSIFICATION OF GASES. 

All the elastic aeriform fluids with which we are hither, 
to acquainted are generally divided by systematic writers 
into two classes; namely, those that are respirable andca- 
pable of maintaining- combustion, and those that are not 
respirable and incapable of maintainir^ combustion* This 
division indeed has its advantage ; but the term respira- 
ble, in its physicological application, has been very dif- 
ferendy employed by diflPercnt writer?. Sometimes by 
the respirability of a gas has been meant its power of sup- 
porting life, when repeatedly applied to the blood in the 
lungs. At other times all gases have been considered re- 
spirable which were capa,blc of introduction into the lungs 
by voluntary eiFortSy without any relation to their vitality. 
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In the last case the word respirable 3eems to us most 'pro- 
perly employed, and in this sense it will be used hereafter. 

Non-respirable' gases are those which, when applied to 
the external organs of respiration, stimulate the muscles 
of the epiglottis in such a manner, as to keep it perfectly 
close on the glottis ; thus preventing the smallest particle 
of gas from entering into the bronchia, in spite of volun- 
tary exertions. 

Of respirable gases, or those which are capable of be- 
ing taken into the lungs by voluntary eflForts, according to 
their conditions, only one has the power of uniformly su^<-: 
porting life, namely^ atmospheric air : other gases, wlidr^; 
respired, sooner or later impair the health of the human 
constitution, or perhaps occasion death, but in different 
modes. 

Some gases effect no positive change in the blood ; ani- 
mals immersed in it die of a disease produced by the pri^ 
vation of atmospheric air, analagous to that occasioned by 
their submersion in water. 

Others again produce some positive change in the blood, 
as appears from the experiments of Dr. Beddoes and Pro- 
fessor Davy. They seem to render it incapable of sup- 
plying the nervous and muscular fibres with principles es- 
sential to sensibility and irritability. These gases, there- 
fore destroy animal life on a different principle. 

It is obvious, therefore, that the above classification 
does not hold good in all respects, but is capable of mis- 
leading the student. We shall not divide the gases we 
are going to treat of into different classes, for we do not 
see the advantage which can arise from any division ; we 
shall therefore examine first those which are simple, the 
bases of which cannot be exhibited in an insulated state, 
namely» oxygen, nitrogen, and hydrogen gas. We shall 
then consider the combination of these gases with each 
other, in order to understand some of the most important 
phenomena in which they are concerned, together with 
the rest of those gases, rf which the bases may be exhi- 
bited experimentally. 
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PART XV. 

smBBsamssssssammKm 
SBCT. I. 

PROPERTIES OF OXYGEN GAS.* 

OXYGEN gas is an elastic invisiUe fluid, like com- 
mon air^ capable of indefinite expansion and compression. 
It has neither taste nor odour, nor does it show any tra- 
ces of an acid. Its specific gravity, as determined by 
KirlFt^n, is 0.00135, that of water being 1.0000; it is 
therefore 740 times lighter than the s^ne bulk of water* 
Its weight is to atmospheric air as 1 103 to 1000. 1 16 cubic 
inches of oxygen gas weigh 39.38 grains. It is not ab- 
sorbed by water, but entirely absorbable by combustible 
bodies, which at the same time disengage its caloric and 
light, producing in consequence a strong heat and flame. 
It rekindles almost extinct combustible bodies ; it is indis- 
pensable to respiration, and is the cause of animal heat ; 
it hastens germination; it, combines with every combus- 
tible body, with all the metals^ and with the greater 
number of vegetable and animal substances ; it is consi- 
dered as the cause of acidity, and from this last property 
is derived the name^A^j'^n, a word denoting the origin of 
acidity* 

The act of it^ combining with^bodies is called oxydatioa 
(oxydizement) or oxygenation (oxygenizement) and the 
bodies with which it is combined are called oxyds* 

Oxygen gas is the chief basis of the pneumatic doctrine 
of chemistry. 

* From tfuc acid, and >if»fMi I am born. 
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METHODS OF OBTAINING OXYGEN G 

(See Appendix No. 15.) 

We are at present acquainted with a great numti 
bodies from which we may, by art, produce oxygei 
It is most amply obtained from the oxyds of mang 
or mercury, from nitrate of potash, from the green 1 
of vegetables, and from oxygenized muriate of pota 
soda. Besides these, there are a great many othei 
stances from which oxygen gas may be procured. 

ESPEEIUEMT I. 

To obtain oxygen gas from oxygenized muriate of p 

In order to procure oxygen gas in a state of grci 
rity, pure oxygenized muriate of potash must be 
use of. With Uiis view, put some of the salt into a 
earthen or glass retort, the neck of which is placed i 
the shelf of the pneumatic trough filled with water 
heat the retort hy means of a lamp. The salt beg 
melt, and oxygen gas will be obtained in abundanc 
of great purity^ which may be collected and pres 
over water. 

Ration A LE...Oxygeniaed muriatetiof^tash consi 
oxygenized muriatic acid and potash : at an elevated 
pcrature a decomposition^ f the oxygenized muriati 
takes place : its oxygen (O^jtes to the caloric, and 
oxygen gas. The oxygeflized acid becomes therefon 
verted into simple muriatic acidt which remans i 
retort united' to the potash, in the form of muri: 
potash. 

EXPERIUKHT II. 
To obtain oxygen gas from grten leaves of vegetc 

Oxygen gas may likewise "be obtained from the 
leaves of vegetables. 

For this purpose 611 a bell glass with water, intr 
fresh gathered green leaves into it, and place the b 
r inverted in a vessel containing the same 
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expose the apparatus to the rays of the sun, and very p\ire 
oxygen gas will be liberated* 

The emission of oxygen gas is proportioned to the 
vigour of the plant and the vivacity of the light : the 
quantity differs in different plants, and under different 
conditions. (See page 157.) 

RATiONAL£«..*It is an established fact, that plants de- 
compose water, and probably carbonic acid, which serve 
for their nourishment ; they absorb the hydrogen and car- 
bon of these fluids, disengaging part of the oxygen in a 
sitate of purity. Light, however, favours this deconapo- 
sition greatly ; it seems to serve for melting the oxygen^ 
and thus forms it into oxygen gas : in proportion as it 
becomes disengaged, the hydrogen becomes fixed in the 
vegetable, and combines partly with the carbon and partly 
with the oxygen, to form the oil, &c of the vegetable. 

Experiment III. 
To obtain oxygen gas from nitrate of potash. 

Nitrate of potash is another substance frequently made 
use of for obtaining oxygen gas, in the following manner : 

Take any quantity of this salt, introduce it into an 
earthen or coated glass retort, and fit to it a tube, which 
must be plunged mto the pneumatic trough under the 
receiver filled with water. When the apparatus has been 
properly adjusted, heat the*'*^^ort gradually till it be- 
' comes red hot, uxe oxygen ff art will then be disengaged 
rapidly. ^ 

The gas obtained in this way is also very pure, especi- 
ally if the l^st portion be kept separate. 

Ration ALE.... Nitrate of potash consists of nitric acid 
and potash. Nitric acid consists again of oxygen and 
nitrogen. On exposing the salt to ignition, a partial 
decomposition of the acid takes place ; the greatest part of 
the oxygen of the nitric acid unites to caloric, and appears 
under the form of oxygen gas. The other part remains 
attached to the potash in the state of nitrous acid. The 
residue in the retort is therefore nitrite of potash, if Uie 
process has been carefully conducted. 

REMARK.... If too much heat be applied, particularly 
towards the end of the process, a total decomposition of 
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SECT. If. 

EXPERIMENTAL PROOFS OF THE PROPER^ 

TIES OF OXYGEN GAS. 

EXPERIMSNT I. 

Oxygen gas is not absorbed by water. 

Let a cylindrical bell-glass be filled with oxygen gas, 
and agitate it in contact with water : tfie gas will not 
sensibly diminish in bulk, which is a proof that water does 
not absorb oxygen. It may, however, be made to com- 
bine with it, by means of artificial pressure. 

uecomposmon of oxygen gas, by bodies destitute 

of metallic properties. 

Experiment IL* 

Combustion of Phosphorus in oxygen gas. 

Fill a bell-glass or receiver with oxygen gas, confine it 
by mercury, and introduce a piece of phosphorus through 
the quicksilver, which immediately will rise to the surface 
of it ; then set fire to the phosphorus, by means of a 
crooked heated iron wire, introduced so as to touch it 
without disturbing the vessel. It will bum with a very 
brilliant flame. A considerable quantity of caloric and 
light will be liberated, and the whole inside of the glass 
will be covered with a white flaky crust, which^ill be 
found to be phosphoric acid ; and the mercury will have 
ascended considerably. 

RATioNAL£....This experiment proves that a decompo- 
sition of the oxygen gas has taken pla6e. The pHbspho- 
rus at a certain degree of heat is capable of decomposing 
this gas ; it attracts its ponderable base the oxygen, and 
becomes converted into phosphoric acid ; the light and 
heat, which kept the oxygen in a gaseous state, together 
with those of the phosphorus, are then disengaged in the 
form of fire. 

• •* 

• This and the three following experiments show that oxygen is an 
acidifying substance. 
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If the phosphorus is weighed before the experiment, 
and the quantity of oxygen gas has been also ascertained, 
th^ weight of the produced acid will be found equal to the 
sum of the weights of the phoaphorus consumed and oxy- 
gen absorbed, if the experin^ent has been conducted care- 
fully. Forty grains of phosphorus absorb generally six- 
ty.five of oxygen. 

If the oxygen gas be pure, the residuum after comw 
bustion is aa pure as the gas employed : this proves that 
nothing could escape from the phosphorus capable' of 
altering the purity of the oxygen gas, and that the onlj* 
action of the phosphorus is to separate the oxiygen from 
the caloric with which it was before united. 

This property of being convertible into an acid belongs 
to all combustiUe bodies : hence the conibination of oxygen 
with such a body is called oxygenation, or oxygenizement. 

EXPERIHEKT III. 

Combustion of sulphur in oxygen gas* 

This experiment is be^t performed by filling a large 
receiver with oxygen gas in the water apparatus^ and 
removing it by means of a flat dish into the mercurial 
trough, take care to leave a little water over the mercury. 
When this is done, put a small piece of sulphur into a 
copper ladle, set fire to it by means of a candle and blow- 
pipe, and introduce it into the gas. The sulphur will bum 
with a beautiful blue flame : when the fumes have disap- 
peared, the water over the mercury will be found to have 
an acid taste^ it will turn blue vegetable colours red, and 
efiervesce with carbonated alkalies. It is therefore an 
acid $ andy as it is composed of sulphur dnd oxygen, it is 
called sulphuric acid. If the respective quantities of gas, 
sulphur, and water, have been previously ascertained, the 
water will be found to have increased in weight, as much 
as the sum of the weights of the sulphur and oxygen con- 
sumed. 

RATiONAL£...«Sulphur is a simple combuttible body, 
which possesses the property of decomposing oxygen gas 
at ^'high temperature, by attracting the oxygen from the 
caloric with which it was combined, in order to be con- 
verted into sulphuric acid. 
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EXPERIMEKT IV. 

Combustion ofcharcoalin oxygen gas. 

The oxygenation of charcoal may be effected like that 
of phosphorus, in thexeceiver placed over mercury. But 
as the heat of the red hot iron is not sufficient to ignite the 
charcoal, a small piece of tinder, with a minute particle of 
phosphofus, are brought in contact with it ; these being 
set on fire will kindle the charcoal, which then will burn^ 
and throw out scintillating sparks in all directions. 

After the combustion ceases, it will be found that the 
elastic fluid under the receiver has not disappeared, as was 
the case in the former experiments ; but that a new pecu- 
liar kind of gas is formed. This air is unfit for respira- 
tiouy and incapable of maintaining combustioii. It is 
greatly absorbed by cold water, apd vanishes by lime-wa- 
ter, barytic-water, or by other alkalies, which first are 
. i rendered turbid, and prove it to be an acidy consisting of 
^ charcoal and oxygen ; hence it is called carbonic acid 
gas. Whatever quantity oi gas remains after the absorp- 
tion by alkalies is that portion of oxygen gas which has 
escaped the action of the charcoal during the combustion. 
RATioNALE....The charcoal in this case likewise effects 
a decomposition of the oxygen gas. When charcoal is 
ignitedy its affinity for oxygen is stronger than that of 
caloric ; it therefore unites to it, and forms carbonic alcid, 
which asisumes the gaseous state at the temperature of 
our atmosphere. Part of the light and heat becomes 
liberated; and appears under the form of fire. 

DECOMPOSITION OF OXYGEN GAS BY ME- 
TALLIC SUBSTANCES. 

Oxygen has likewise a great affinity for another kind of 
combustible bodies, we mean those called metals ; parti- 
cularly, when heated to a certain degree. All metallic 
bodies, except gold, silver, and platina^ have the pro- 
perty of decomposing oxygen gas, by attracting its ponder- 
able base (the solid oxygen) from the caloric and light, 
which, kept it in its gaseous state. They then lose their 
properties and approach to the acid state. 
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Experiment I. 

V 

Combustion of arsenic in oxygen gas^ and production of 

arsenious acid* 

Put into a copper ladle a piece of metallic arsenic, 
having previously affixed to it a small bit of wood or 
charcoal. Set fire to the charcoal by means of the blow- 
pipe, and quickly introduce it into the gas. The charcoal 
being inflamed, it will communicate the combustion to 
the arsenic, which will bum with a beautiful white flame.* 
The receiver will become filled with dense white fumes, 
and a coat of arsenic will gradually cover the whole inside 
of the receiver. When the combustion has ceased, or 
when all the arsenic is burnt, let the receiver be moved 
out of the water-trough. A coat of white powder will be 
observed floating on the water, which is arsenious acid. 
This may be collected, and added to that adhering to 
the sides of the receiver. 

Rationale.,.* Arsenic is a simple combustible body ; 
on being presented under these circumstances to oxygen 
gas, it attracts the. basis of it, with which it unites, and 
forms arsenious acid. 

Experiment II. 

* Combustion of iron in oxygen gas. 

This experiment may be exhibited in the most conve- 
nient manner as follows : a glass receiver, with a narrow 
open neck, must be provided. It may be closed at the 
top with a cork, or a rough-ground fiat piece of glass or 
metal. It is to be filled with water and put upon the shelf 
of the pneumatic trough. Oi^gen gas is then conveyed 
into it in the usual manner. When the receiver is filled 
with gas, a shallow basin or dish with water must be 
brought near it, so that the receiver may be removed with 
the gas, and easily slid into the basin. The gas is thus 
confined by the water, and the receiver may be removed 
to any convenient place. Iron wire of about -jV of an 
inch in diameter must be coiled tightly rdund a stick of 
wood or glass, of about half an inch in diameter ; the stick 
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is then withdrawn, and the wire will form a length of 
spiral rings. This wire, extended to about the inside 
length of the receiver, must be fixed in a cork, so that it 
may hang vertically, and may be readily introduced at the 
top of the receiver, and kept, by means of the cork, firm 
therein : at the other extremity of the wire, a litde thread 
dipped in sulphur, or a piece of wood, is to be fixed* 
The thread or wood is then lighted, and the wire quickly 
introduced into the receiver; an intense deflagration of 
the wire immediately takes place, throwing out a num- 
ber of brilliant sparks, ascending in a spiral direction, 
with a beautiful sun-like body, giving in a darkened room 
a luminous appearance inconceivably striking. 

If we examine the weight of the iron after combustion, 
we find it augmented in proportion to the quantity of 
oxygen it has absorbed. It has at the same^ time lost its 
metallic splendour, and obtained properties different from 
those it possessed before. 

The use of the heat employed for the first ignition is to 
separate the particles of the metal from each other, and 
to diminish the attraction of cohesion or aggregation. 

RATiONALE....The iron, when heated to a certain de- 
gree, decomposes the oxygen gas : the equilibrium of the 
attraction subsisting between the caloric and solid oxygen 
being interrupted, it is acted upon by two separate and 
opposite forces, that of the attraction for caloric to remain 
in the gaseous state, and that exerted by the metal : the 
latter power being greater, it unites with it, and gives out 
at the same time its caloric and light* The new substance 
produced, consisting of oxygen and iron, is called oocydof 
iron* It is not an acid, but it is changed to an internie- 
diate substance, approaching to the acid state, though 
not possessing all the requisite properties* 

Experiment IIL 

Combustion of zinc in oxygen gas.* 

Take some turnings of zinc, form a ball of them, and " 
affix it to a copper wire ; insert a small bit of phosphorus 
or charcoal into the ball, set fire to it, and introduce it 
quickly into a receiver filled with oxygen gas ; the zinc 
will thus take fire, and burn with a beautiful green flame 
surrounded by a white one. ^ 
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RATiONALE....Thi8 experiment is analogous to the 
former : the zinc miites to the oxygen of the ^ at an 
elevated temperature, and the result is an oxyd of zinc. 

Experiment IV. 

If a current of os^gen gas be conveyed to filings or 
f turnings of metals, they w$ bum with great rapidity. 

For this purpose^ fiU a large bladderj» or better fill the 
gazometer, with oxygen gas, and adapt to the bladder, or 
to the stop-cock of tne gazometer^ a tube ; by pressing 
the bladder, or by pressing down the ball of the gazome* 
ter, and ejecdng the gas on a piece of excavated ignited 
charcoal, into which filings of metal have been put, the 
metal will bum rapidly. 

The filings which exhibit the most brilliant appearance 
are those of zinc, copper, antiimony, iron^ and steel. 

DECOMPOSITION OF OXYGEN GAS BY VA- 
RIOUS OTHER SUBSTANCES. 

,  » 

EXPERIMENT L 

If a lighted wax taper fixed to an iron wire pr ladle be 
let down into a vessel ^ed with oxygen gas, it will bum 
with great splendour. If the taper be blown out, and let 
down into the vessel of gas while the snuff remains red 
hot, it instantly rekindles with a slight explosion, and 
bums vividly. 

• 

Experiment IL 

A piece of the bark of charcoal, fastened to a copper 
wire ignited, and then immersed in the gas, throws out 
brilliant sparks. 

Experiment III. , 

A mixture of nitrate of strontia and charcoal powder, 
previously ignked, bums with a rose coloured Jlame. 

Experiment IV. 

A mixture of one part of boracic acid and three of 
charcoal bums green^ 

VOL. I. 30 
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that of oxygen gas, water Is formed ;* with nitrogen it 
forms ammonia. It does not act on earthy substances ; 
it is decomposable by a great variety of bodies. 

METHODS OF OBTAINING HYDROGEN GAS^ 

It is not among natural products that hydrogen gas is 
to be collected. To obtain the purest hydrogen gas, or 
rather the least possible impure, consists in subjecting 
water to the action of a substance which is capable of de- 
composing this fluid. 

1. For this purpose let concentrated sulphuric acid, pre- 
viously diluted with six times its weight of water, be poiu*- 
ed on iron filings or bits of zincs in a small retort or gas 
bottle, called a pneumatic flask or proof : as soon as the 
diluted acid comes in contact with tfie metal, a violent ef- 
fervescence takes place, and hydrogen gas escapes without 
external heat being applied. It may be collected in the 
usual manner over water, taking care to let a certain por- 
tion escape, on account of the atmospheric air contained 
in the disengaging vessel. 

RATiONALE....The production of hydrogen gas isowing 
to the decomposition of water. The iron or zinc, when 
in contact with this fluid, in conjunction with sulphuric 
acid, has a greater afiinity to oxygen than the hydrogen 
has ; the oxygen therefore unites to it, and forms an 
oxyd of that metal, whichis instantly attacked and dissolv- 
ed by the acid ; the other constituent part of the water, 
the hydrogen, is set free, which, by uniting with caloric, 
assumes the form of hydrogen gas, the oxygen is there- 
fore the bond of union between the metal and the acid. 

The hissing noise or effervescence observable during 
the process is owing to the rapid motion excited in the 
mixture, by means of the great number of air bubbles 
quickly disengaged, and breaking at the surface of the 
fluid. 

Rem ARK,... We see in this case that two substances 
exert an attraction, and are even capable of decomposing 
jointly a third^ which neither of them is able to do singly^ 
viz* if we present sulphuric acid alone, or iron or zinc 

* Hence its name Hydrogen, which is derived from v*J«^, 
water y and yiv«f(«/, I am bom. 
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alone to water, they cannot detach the oxygen from the 
hydrograi of that fluid j but if both are applied, a decom- 
position is instantly effected; This experiment therefore 
proves, that the agency of chemical affinity between two^ 
or more bodies may lie dormant, until it is c^H^d into 
action by the interposition of another body, which fre- 
quently exerts no energy upon any of them in a separate 
state. (See Chemical Ajpnity, laxo V. p. 81.) 

Instances of this kind were formerly caS^tSprgtRsposing 
a^nities, 

2. Iron in a red heat has also the property of decompos- 
ing water, by dislodging the oxygen from its combination 
with hydrogen in the following manner. 

Let a gun-barrel, having its touch hole screwe.d up, 
pass through the universal furnace, or'through a large 
crucible perforated for that purpose, taking care to incline 
the barrel at the narrowest part ; adjust to its upper ex- 
tremity a retort charged with water, and let the other ex- 
tremity terminate in a tube introduced under a receiver 
in the pneumatic trough. When the apparatus is thus dis- 
posed, and well luted^ bring the gun-barrel to a red heat ; 
and, when thoroughly red hot, make the water in the 
retort boil ; the vapour, when passing through the red- 
hot tube, will yield hydrogen gas abundantly. 

RATjoNALE....In diis experiment the oxygen of the 
water combines with the iron at a red heat, so as to con- 
vert it into an oxyd ; and the caloric applied combines 
with the hydrogen of the water, and forms hydrogen gas. 
It is therefore the result of a double affinity, that of the 
oxygen of the water with the metal> and that of its hydro- 
gen with caloric. 

The more caloric is employed in the experiment of de- 
composing water by means of iron, &c. the sooner is the 
water decomposed. 

• Hydrogen gas is frequently found in great abundance 
in mines and coal-pits, where it is sometimes generated 
suddenly, and becomes mixed with ihe atmospheric air of 
these subterraneous cavities. If a lighted candle be 
brought in, this mixture often explodes, and produces the 
most dreadful effects. It is called by miners fire-damp. 
It generally forms a cloud in the upper part of the mine, 
on account of its levity ; but does not mix there with at- 
mospheric air, unless some agitation ukes place. The 
• Rather carfaiiretted hydrogen. T. C. 
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irtiners frequently set fire to it with a candle, lying at the 
same time flat on their faces, to escape the violence of the 
shock. An easier and more safe method of cleaning the 
mine is, by leading a long tube through the shaft of it, to 
the ash pit of a furnace : by this means the gas will be con- 
ducted to feed the fire. 

Hydrogen gas, in whatever manner produced, always 
originates from water, either in consequence of a prece- 
ding decomposition, in which it had been combined, in 
the state of solid or fixed hydrogen, with one of the sub- 
stances employed, or from a decomposition of water ac- 
tually taking place during the experiment. 

REMARKs...wThere are instances recorded of a vapour 
issuing from the stomach of dead persons, whicK took fire 
on the approach of a candle. We even find accounts in 
several works of the combustion of living human beings, 
which appears to be spontaneous. Dr. Swediaur related 
some instances of porters at Warsaw, who,* having drank 
abundantly of spirit, fell down in the street with the 
smoke issuing out of their mouths ; and people came to 
their assistance, saying they would take fire ; to prevent 
which they made them drink a great quantity of milk, or 
used a more singular expedient, by causing them to swal- 
low the urine of the bystanders, immediately on its^eva- 
cuation. 

However difficult it may be to*give credit to such nar- 
ratives, it is equally difficult to reject them entirely, with- 
out refusing tp admit the numerous testimonies of men 
who were for the most part worthy of credit. Citizen Lair 
has collected all the circumstances of this nature which 
he found dispersed in different* books, and has rejected 
those which did not appear to be supported by respecta- 
ble testimony, to which he has added some others rela- 
ted by persons still living. These narratives are nine in 
number; they were communicsited to the Philomatic 
Society at Paris, and inserted in the bulletin, Thermidori^ 
An. 5, No. 29. 

The cause of this singular phenomenon has been attri- 
buted to a developement of hydrogen gas taking place in 
the stomachs of these individuals. 

Citizen Lair believes that the bodies of these people 
were not burned perfectly spontaneously ; but it Appeared 
to be owing to some very slight external cause, such as 
the fire of a candle, taper, or pipe. 
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SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
. TIES OF HYDROGEN GAS. 

Experiment I. 

Hydrogen gas is considerably lighter than atmospheric air. 

Fill a receiver or wide-mouthed bottle with hydrogen 
gas, and let it stand for a few minutes^ with its open mouth 
upwai-ds, exposed to the air. On letting down a lighted 
candle into the bottle, the gas will be found to have esca- 
ped, for the candle will burn with its usual splendour. 

If another jar, filled with the gas, be placed with its 
mouth downwards, the air will-be prevented from ascend- 
ing by the bottom and sides of the vessel, as may be prov- 
ed by inserting a lighted candle, which will be instantly 
extinguished. 

Experiment II. 

Soap bubbles filled with hydrogen gas ascend rapidly. 

Fill with hydrogen gas a bladder, and adapt to it a com- 
mon tobacco pipe ; dip the bowl of the pipe into a lather 
of soap, squeeze it gently in order to form a bubble, and 
detach it in the usual manner. These bubbles will rise 
rapidly into the air ; if a lighted taper be presented to 
them, they catch fire and burn without noise. 

If into a basin of soap-suds a mixture of hydrogen gas 
and atmospheric air be blown, by means of a bladder and 
pipe, so as to form bubbles over a considerable part of the 
surface of the suds, and a lighted match be then presented 
to it, the whole will explode with a loud report. 

The theory of balloon^ or aerostatic machines is found- 
ed on the levity of hydrogen gas. It is sufficient that the 
weight of the balloon itself, and of the enclosed gas, 
should be lighter than an equal bulk of common air; and 
it must rise till its weight is in an equilibrium with an 
equal volume of the surrounding medium. The theory of 
the Mongolfiers is very different from this. 
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Experiment III. 

Hydrogen gas extinguishes burning bodies* 

Bring an inverted jar, filled with hydrogen gas, over the 
flame of a candle, and depress the jar at once, so that the 
lighted wick may be wholly surrounded by the gas. The 
candle will immediately be extinguished. 

Experiment IV. 

Hydrogen gas is unfit for combustion* 

Introduce hydrogen gas into a jar filled with mercury ; 
when the mercury is displaced, pass up into the gas a 
piece of tinder, to which is affixed a little phosphorus, 
and apply to the latter a heated wire. As soon as the 
phosphorus is touched with the hot wire it will melt^ but 
will not bum ; the gas is therefore unfit for combustion* 

Experiment V. 
Hydrogen gas is unfit for respiration* 

Take a bell-glass, ground at the top ; having filled it 
with hydrogen gas, put a bird, or any other animal, into it, 
and cover it with a ground^flat piece of glass, to prevent 
the fluid from escaping. The animal confined in the gas 
will be thrown into violent convulsions and soon expire, 
but merely on account of atmospheric air being excluded, 
for the hydrogen gas has suffered no alteration. {See Ap- 
pendix No* 18.) 

Experiment VI. 

Hydrogen gas is only inflammable in contact with atmos- 
pheric air^ or oxygen gas* 

« 

Fill a narrow-mouthed phial with hydrogen gas, and 
take it from the pneumatic trough by placing the thumb on 
the mouth thereof to prevent the gas from escaping. If 
a lighted^ taper be applied to the mouth of the bottle, the 
gas will take fire and bum with a lambent flame. The 
gas will only bum in contact with the atmospheric air i 
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the flame will descend gradually till 
sumed ; but if the taper be immerse< 
extinguished, as we h^ve seen before, ] 
If the hydrogen gas be pure, the 
colour ; .but if the gas holds any su 
which is generally the case, the flame i 
colours according to the substance., 
reddish, because the gas holds in soluti 

Experiment VII. 
The philosophical candle -which cannot 

Fill with hydrogen gas a beH-^ass,' 

Eillary tube ; compress the gas, by mak 
elow the level of the water in the pne 
apply a lighted taper to the upper ex 
the gas will take fire, and exhibit a 
bum till all the gas is consumed. 

Artificial fire-works may he constru 
ders with hydrogen gas, and com 
revolving jets, tubes, &c. bent into < 
and formed into various figures, whit 
holes of different sizes. The air b« 
these holes bj' pressing the bladders i 
exhibit a cunous fire-work without n< 

It is on similar principles that Mr 
works were formed. 

By the combination of the inflan: 
hydrogen gas and the efTects of elecirti 
sophical lamp has been invented by } 
turning of ^stop-cock only, may instan 
hundred times : for a particular desci 
refer our readers to Adams's Lecturei 
sophy, vol. ii. p. 96. 

All these experiments show that hyc 
not inflammable when alone, possesses 
in contact with atmospheric air. 

Hydrogen gas bums in proportion 
with a larger quantity of atmospheric 
As.hydrogen gas and oxygen, or atm 
like aggregation, it is possible to mix t 
ner, as that every particle of each gas 

VOL. u 31 
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to a particle of the other, in which case they will bom 
with great rapidity. 

Experiment VIII. 
betonation of hydrogen and atmospheric air. 

Fill a strong bottle, capable of holding about fotir ouncca 
of water, in such a manner that there may be one part of 
hydrogen gas and two of atmospheric air. On applying a 
lighted taper the mixture will not bum silendy, but die 
whole will explode with a loud report^ and the inside of 
the bottle will become moist. 

RsliARK....It is prudent to wrap a handkerchief round 
the bottle, to prevent it from doing any injury if it should 
burst. The safest way of making this experiment is with 
a botde of elastic gum. 

The same experiment may be repeated with oxygeagas 
instead of atmospheric air, changing the propositions, and 
mixing only one part of oxygen gas with two of hydrogen. 
The explosion will then be much louder than in the fore- 
going experiment. 

Experiment IX. 
* Hydrogen gas is absorbed by charcoal. 

Charcoal has the property of absorUng hydrogen gas, 
hut it takes up a smaller portion than any odier gas 
liitherto tried. If a tall cylinder, or eudiometrical tube, 
be filled with hydrogen gas, and a piece of fresh prepared 
charcoal be passed up into it, the volume of the gas will 
speedily become diminished. 

R£MAltK.....Mcnx>zzo found that a piece of charcoal^ 
12 lines long and 8 in diameter, extinguished in mercury ; 
and when phmged into a tube, 144 lines long and 12 in 
diameter, aad filled with this gas, absorbed ^V ^^ ^^ 
whole. Messrs. Rouppe and Van Noorden noticed, that 
new^tnade charcoal^ allowed to cool without being exposed 
to the Mr, when plunged into hydrogen gas, absorbed 
about half its bulk of it. When charcoal thus impreg-* 
nated with hydrogen gas is exposed to common air, the 
oxygen of the air combines with the hydrogen, and forms 
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water. The same phenomenon takes place when oxygen 
gas is employed instead of common sun'^ 

Experiment X. 

To chgrffe and Jire a cannon or pistol by means of 

hydrogen gas. 

This experiment may be made advantageously by 
means of an apparatus, sold under the name of the inflam- 
mable air pistol or cannon. 

To charge this pistol nothing more is necessary but to 
introduce its open end into a wide mouthed bottle, filled 
with a mixture of oxygen and hydrogen gas, leaving it in 
for a few seconds ; it is then to be stopped with a cork, 
and may be "fired by the electric spark, taken either from 
the prime conductor of the machine or a charged Leyden 
vial. 

Experiment XL 

The production of water by detonating hydrogen and 

oocygen gases 

Is founded on the same principle* Take a strong glass 
tube, about half an inch in diameter and twelve inches, 
long, closed at one end, and graduated into cidsic inches, 
or any other equi-distant parts* About half an inch from 
the closed end or top, two small holes are drilled oppo- 
site to each other, and into each of diese a wire or con- 
ductor is to be cemented, so that the two points inay be 
distant from each other, within the tube, about one-eighth 
of an inch or less. Into diis tube, standing in water, two 
parts in bulk of hydrogen gas, and five parts of atmos- 
pheric air, are transferred. The tube is uien to be firmly 
held, and an electric spark is passed, by means of the con- 
ductors, through the mixture of the gases ; an immediate 
explosion takes place, the volume of the gases will be di- 
minished, and the water will ascend in the tube i for the 
whole of the hydrogen gas is consumed, and likewise all 
that part of the common air which consisted of oxygen 
gas ; and there is formed a quantity of water equal in 
weight to tljiese two bodies. 

' Ann. dcLChim. xxzil 18» 
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9 

RATiONALE.«.i»Tbe hydrogen gas robs the atmopheric 
air of the whole portion of oxygen gas it contained ; this 
mixture being fired by the electric spark disappears^ and 
forms water. The residue therefore indicates the quan- 
tity of nitrogen gas which was contained in the given 
bulk of atmospheric air with considerable accuracy. 

REMARK«...If mixed in the proportion of one part in 
)julk of the former, and two parts of the latter gas, or 
more accurately, 85 parts by weight of oxygen gas, and 
15 of hydrogen gas, and then exploded over water, the vo- 
lume of the gases disappears : and the exploding tube in 
which they were contained becomes completely filled with 
water, on account of the total vacuum which had beea 
formed. 

If the explosion be made in a close vessel or over mer- 
cury, a quantity of water is always produced, equal in 
weight to the gases employed. 

This water must be composed of the two gases ; for it 
did not previously exist in the vessel, and no other sub- 
s^i^ce besides the gases was introduced. Water then is 
composed of oxygen sind hydrogeij ; and the combustion 
of hydrogen is nothing but the act of its combination with 
oxygen. • > .' . 

It has been with great plausibility conjectured, that de- 
tonations in the air, or claps of thunder, are similar ef- 
fects of the combustion of hydrogen and oxygen gas; andl 
that the rain which falls so copiously at the time of thun- 
der storms is owing to a sudden formation of water in the 
atmosphere, from the rapid combustion of the hydrogen 
and oxygen gases fired by an electric spark. 
' The diminution of hydi ogen and oxygen gases by their 
bases may also be shown in the following manner z 



'; Experiment XII. 

Filt a tall jar with oxygen gas, and fill also with hydro*- 
gen gas a bladder, furnished with a stop cock, and with a 
long brass pipe like the letter S, and drawn out to a fine 
point. On pressing the bladder a stream of gas will issue 
from the pipe, which may be set fire to, and brought cau- 
tiously under the inverted jar of oxygen gas. By this in- 
tercovirse the stream of hydrogen gas wiB be burnt in a con- 
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fixed portion of oxygen gas : by continuing the combus- 
tion a sufficient time, the water will rise gradually within 
the jar* On the first impression of the heat indeed a small 
quantity of gas will escape from the jar^ which will ren- 
der it difficult to ascertain what degree of absorption ac- 
tually takes place. But this loss may be prevented by 
using a jar, with a neck at the top^ to which a compress- 
ed bladder is firmly tied. The expanded air, instead of 
escaping through the water, will now enter the bladder at 
the top ; and when the experiment is closed and, the ves- 
sels have cooled, it may be ascertained, by pressing out 
the gas from the bladder, what quantity of oxygen gas has 
been consumed. When this experiment is made with the 
substitution of common air for oxygen gas, a diminutiou 
takes place, but much less considerable, viz* not amount- 
ing to one-sixth of the original bulk of the gases. 

RATiONALE....The disappearance of the gases depends 
on the union of their basest which takes place during the 
state of ignition^ and forms watefy as has been noticed al- 
ready. , 

Though hydrogen gas unites wMi oxygen gas only by 
the effect of combustion, exerted by the contact of an in- 
flamed body) yet the hydrogen contained in a great num- 
ber of combinations, even solid, comlnnes probably in va- 
rious ways 'hitherto unknown to us, and produces differ- 
ent with different bodies. 

It has been mentioned before that hydrogen gas kills an% 
imals when immersed in it ; but this gas is not itself des* 
structive to animal life* Scheele first inquired it several 
times successively without danger^ and almost without 
uneasiness. Other chemists and philosophers have since 
repeated this experiment with success. 
' Pilatre de Rozier breathed hydrogen gas six or seven 
times from a bladder without inconvenience. (See Ap" 
pendix No* 19.) 
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SECT. I. 



PROPERTIES OF NITROGEN GAS. 

NITROpEN gas, or azotic gasf as it is also called, is 
not possessed of any remarkable property capable of cha- 
racterizing it ; but ia principally distinguished by certain 
negative qualities, namely: it is extremely hurtful to 
respiration, and quickly kills animals ;* plants thrive and 
even flourish in it ; it has no sensible taste j it neither 
reddens blue vegetable colours, nor precipitates lime or 
barytic water ; its weight is to common air as .985 to 
1»000* No combustible substance burns in nitrogen gas; 
but it is capable of combustion in combination with oxy- 
gen gas when exposed to the action of the electric spark : 
it is not absorbable by water ; it is capable of dissolving 
sulphur, phosphorus, and charcoal, in minute quantities ; 
it unites to hydrogen under certain conditions, and con- 
stitutes with it ammonia* When united to oxygen in 
different proportions it produces atmospheric air, gaseous 
oxyd of azote or nitrogen, nitrous gas, nitrous acid, and 
nitric acid ; it is a component part of all animal substan- 
ces, and communicates to them their most distinctive cha- 
racters : it was discovered^by Dr. Rutherford of Edin- 
burgh in 1/72. 

* Hence the name azote^ which signifies << destructive t0 
• life," from « and 2«»v 

t 
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Nitrogen gas has been found by Priestly in the Bath 
waters, and by Pearson in the Buxton waters. 

METHODS OP OBTAINING NITROGEN GAS. 

Nitrogen gas may be obtained by various means : for 
instance, it has been long since ascertained that air, which 
has served the purposes of combustion and respiration^ 
is DO longer proper for these uses« Chenliists have avail- 
ed then^selves of this circumstance, in order to obtain ni* 
trogen gas in the following manner. 

}. Make a quantity of sulphuret of potash or sulphuret 
of iron into a paste with water, and place the mixture in 
a saucer or plate over water, on a etand raised above the 
fluid ; then invert over it ajar or bell-glass, and allow this 
to stand for a day or two. The air contained in the bell- 
glass win gradually diminish, as will appear from the 
ascent of the water, until only about three fourths of its 
original bulk remain. 

When no further diminution takes place, the vesisel 
containing the sulphuret must be removed, and the re- 
maining air will be found to be nitrogen gas. 

Ration Ai.E....The moistened sulphuret of potash* has 
a great affinity to oxygen ; it attracts and separates it from 
the atmospheric air, and the nitrogen gas is left behind ; 
the sulphur is during the experiment converted into sul- 
phuric acid, which unites to the alkali, and forms sulphate 
of potash. The water with which the sulphuret is moisten- 
ed likewise undergoes a decomposition^ as shall be more 
fully proved in another place. 

2. Nitrogen gas may likewise be obtained from fresh 
animal substances. For this purpose cut a piece of lean 
muscular flesh into sinall pieces, introduce them into a 
retort, and pour over them nitric acid of commerce, dilut- 
ed with treble its bulk of water. If the heat of a lamp 
be then gently applied the gas will be speedily obtained. 

RATiONALE....Animal substances are composed of ni<- 
trogen, carbon, hydrogen, and oxygen. On adding nitric 
acid the equilibrium of the respective affinities is destroy- 
ed, the nitrogen gas becoming separated. 

That the nitric acid dpes not furnish the nitrogen gas is 
obvious, from its saturating after its action ,as large a 
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quantity of ialkali as before ; consequently it could not have 
euiFered any alteration. 

R£MARK....The fibrous part of animal ntiatter is that 
which affords the most nitrogen gas ; next to this, all the 
concretive parts, such as the clot of blood ; next to that, 
albuminous matter, such as the serum and white of e^gs, 
cheese : gelatinous substances afford the least. 

3. Nitrogen gas may likewise be obtained by causing 
oxygenated muriatic acid gas to be received in a vessel 
containing liquid ammonia. 

Rationale;— Ammonia consists of hydrogen and m« 
trogen. The hydrogen of the ammonia unites to the 
oxygen of the oxygenated muriatic acid, and forms water ; 
heat is eyolved, the nitrogen becomes free, and the pi^« 
genated muriatic acid becomes converted into simple mu- 
rtadc acid. 

Other methods of obtaining nitrogen gas will be. given 
in the next part. 

SECT, a 

EXPERIMENTAL PROOFS OF THE PROPER- 
/ • TIES OF NITROGEN GAS. 

Experiment I. 

Nitrogen gas is not absorbabk by water J^ 

Take a long glass tube, divided into equal measures, 
which are distinguished by marks made with a diamond 
or file ; send up into it any quantity of nitrogen gas ; on 
agitating it strongly over water no absorption will take 
place, the volume of the air will not he sensibly dimi- 
tiished. {See Appendix No. 20.) 

Experiment II. 

Nitrogen gas does not exhibit signs of acidity* 

Fill a receiver with pure nitrogen gas, anJ. introduce 
therein a piece of litmus paper, or a small quantity of 

* * It is. See Appendix No. 20. 
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tincture of ted cabbage^ no change of colour will be pro- j 

duced in either of them ; the gas therefore cannot be acid. I 

ElCPEIlIMENT IIL 

Nitrogen gas does not maintain comhistion, and is fatal to i 

animal life* \ 

This may be proved by plunging a lighted taper into a ^ 

glass filled with this gas ; the taper will be immediately ^ 

extinguished* 

If a small animal, such as a mouse or bird^ be immersed 
in the gas, it instantly dies* 

Experiment IV* 

Nitrogen gas is capable of combustion with Oxygen^ at a 

high temperature* ' 

Take a barometer tube, the diameter of which is about 
the sixth part of an inch* . Shut one of its ends with a 
cork, through the middle of which passes a smalUwire, 
with a ball of metal at each end* Fill the tube with mer- 
cury, and invert it into a basin of tlus fluid* Throw up 
into the tube as much of a mixture of 13 parts of nitro- 
gen gas and 87 parts of oxygen gas as will fill three inches. 
Through this gas, by means of the wire in the cork, pass 
a number of electric sparks ; the volume of the gas gra- 
dually diminishes, and in its place will be found nitric 
acid. 

Experiment V* 

A mixture of nitrogen gas and oxygen gas produces arti' • 

filial atmospheric air* 

Introduce into a bell glass filled with water four parts 
of nitrogen gas and one of ox}'gen gas : after shaking the 
mixture well together, an air will be formed greatly re- 
sembling that of our atmosphere ; for if a lighted taper^ 
or any other burning substance, be plunged into this fluid, 
it will bum in the same manner as it does in atmospheric 
air ; it may be breathed with safety, and animals confined 
in it wiU live as long as in an equsd quantity of atmosphe- 
ric air* 

VOL* I. 32 
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* 

R£MAiiK*«.«Though we are not capable of producing 
in this manner an air absolutely the same as that of the 
atmosphere, the fault is not to be attributed to our igno- 
rance of the quantity and quality of the gaseous bases, but 
to a difference in their union : in the atmosphere the union 
of the two gases is a true chemical combination, but in 
our experiments the mass of the formed air is a mere 
\ mechanical mia^ture. 

Experiment VI. 

Nitrogen ga^ does not precipitate lime from Rme rvater* 

This may be proved by putting a quantity of lime war 
ter into a tube filled with the gas, and shaking it. The 
^ansparency of the lime water will not be injured* (Se^ 
Appendidc No. 21.) 
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THE whole globe of the earth is surrounded by^ W is 
involved in, a fluid, called atr, which though not perceiv- 
ed by our eyes is however manifested in various ways.^ 

Whatever has been hitherto stated relative to the dif- 
ferent kinds of aeriform fluids is chiefly important, be- 
cause the knowledge of them is necessary to enable us^ to 
comprehend the nature of the air or gaseous fluid in which 
we are plunged the moment we are bom^ and in which 
we exist. This fluid which surrounds the earth to a con- 
siderable but \mkno¥m height above its suiface^ is called 

THE ATMOSPHERE. 

As fishes are surrounded by water, and live and move 
in water, so are we human beings, and all other animals, 
surrounded by air, and live and move in air. A fish 
which is taken out of the water will die in a short time ; 
and a human being, or any animal, taken out of the aerial 
fluid, will in general die much sooner. Water gravitates 
towards the centre of the earth, and so does air. Hence 
as a fish or any body in water is pressed on every side by 
that fluid, so are other animals, &c. pressed on every side 
by the surface of air, and this pressure (as will be shown 
hereafter) is very considerable. 

As the progressive motion of water from one place to- 
wards another is called a current of water, so the pro- 
gressive motion of the air is called in general zuind^ 
which according to the difierent velocities of that fluid is 
more particularly specified by the appellatign of breeze^ 
gentle wind^ gale^ &c. 
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In treating of the different aeriform fluids which have 
hitherto been the subject of our consideration, it was ne- 
cessary in some measure to anticipate the present, and to 
intimate that the air of our atmosphere is not, as was for- 
merly supposed, a simple or homogeneous fluid, but that 
in reality it is composed of two distinct fluids, called 
oxygen gas and nitrogen gas* 

Strictly speaking, the air of our atmosphere iu nowever 
not so simple a substance as to be formed only of two in- 
gredients. Besides the two bodies of which it is compos- 
ed, it contains a small portion of another gaseous fluid, 
GaUed carbonic acid. * 

It is also well known that a large portion of water is 
generally contained in the atmosphere, besides a great va- 
riety of substances which are subject to evaporation, and 
which are capable of existing In an aeriform state at the 
usual temperature. 

SECT. I. 

MECHANICAL EXAMINATION OF ATMOS- 

PHERIC AIR. 

By mechanical examination we would be understood 
to mean such properties a^ are connected with sensible 
changes of motion, and which indicate the presence and 
agency of moving or mechanical powers. They are there- 
fore strictly the subject of mathematical discussion ; ad- 
mitting of measure, number, and direction ; notions in- 
deed purely mathematical. But as those mechanical pro- 
perties characterize, or are peculiar to ail kixids of elastic 
aeriform or gaseous fluids, no objection occurs to us 
against the propriety of considering them here briefly. 

The mechanical properties of atmospheric air are 
GRAVITY, ELASTICITY, INDIVISIBILITY, and 
DILATABILITY. 

GRAVITY OF ATMOSPHERIC AIR. 

Experiment I. 

« 

To prove the weight of the air, a pair of common 
bellows may serve ; thus, for instance, if we stop the 
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nozzle and secure the valve hole closely, having first blown ^ 

or squeezed all the air out of them, we shall find that a j 

considerable force is requisite for separating the boards. 
They are kept together by the pressure of the air, which 
surrounds them, in the same manner as if they were im- 
mersed in water. 

EXPERIMEKT II. 

In like manner, if we stop the end of a syringe, after 
its piston has been pressed down quite to the bottom, and 
then endeavour to draw it up, we shall find a considerable 
force necessary^ viz* about 15 pounds for every square 
inch of the section of the syringe. Ei^erting this force, 
we can draw up the piston and hold it there ; but the mo- 
ment we cease pulling, the piston rushes down again. 
We feel something as it were drawing in the piston^ but 
it is solely the weight of the incumbent air pressing it i 
and this obtains in every pbsition of the syringe : because 
the air is a fluid, and presses >,in every direction ; nay, 
it presses on the syringe as well as on the piston ; for if 
the piston be suspended by its ring on a naiU it will re* 
quire a weight to draw down the syringe equal to that 
which is necessary to draw up the piston, and as soon as 
the syringe is freed from the- weight it will spring up to 
its place again. 

That the air presses equally in all directions becomes 
obvious from the following experiments. 

Experiment III. 

In a tall phial let an orifice be made about three inches 
from the bottom : stop this orifice. Through a cork in 
the neck of the phial, insert a long tube open at each end, 
and let the lower end be below ^e orifice in the side of 
the phial. The mouth of the phial being closed up about 
the tube, pour water into the tube till it is full. Upon 
opening the orifice, the water will be discharged, till its 
surface in the tube is level with the orifice ; after which 
it will cease to flow, because the external lateral pressure 
of the air balances the perpendicular pressure upon the 
water in the tube. 
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Experiment IV. 

If a conical wine glass be entirely filled with water, and 
covered with a fiat piece of paper ; on inverting the glass, 
the water will be kept from falling by the upward pressure 
of the air* 

Experiment V. 

If a vessel be perforated with small holes at the bottom 
but closedtat the top, the upward pressure of the air will 
keep water within the vessel, as will appear by successive- 
ly stopping and unstopping a small hole in the top. 

The pressure of the air may be shown by means of the 
air pump* 

Experiment VL 

Let the air be exhausted from a glass receiver placed 
on the pump, the vessel will be held fast by the pressure 
of the external air. 

Experiment VII. 

Let a small receiver be placed under a large one, and 
both be exhausted ; the larger will be held fast, while the 
small one, being protected from the pressure of the air, 
may be easily moved* 

ExPERIMENt VIII. 

If the hand be placed upon a small open vessel, in such 
a manner as to close its upper orifice, it will be held down 
with great force, if the vessel be exhausted* 

Experiment IX* 

If the mouth of an open receiver be closely covered 
with a piece of bladder, and then exhausted, the super* 
incumbent air will burst the bladder with a loud report* 
In a similar situation, a thin plate of glass may be broken. 

Experiment X. 

If a glass bulb with a long neck filled with water be 
put inverted into a vessel of the same fluid, ^aced under 
a receiver, and the latter be exhausted, on re-admitting 
the air, its pressure upon the surface of the water in the 
vessel will cause the fluid to rise up in the bulb. 
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Experiment XL 

If on a plate^ called a transferrer, the air be exhausted 
from a. long receiver, and then water be admitted through 
a pipe by means of a stop-cock, the water will be pressed 
yp, and form a fountain. 

Experiment Xlh 

If the air be exhausted from a vessel, and by pieans of a 
cock kept so, and the vessel be l^reighed while it is emptyii 
and again weighed when the air is re-admitted ; the differ- 
ence will be the weight of die quantity of air the vessel 
contains. 

Experiment XIIL 

Fill a glass tube, about three feet long, and dosed at 
one end, with mercury ; then insert the open end in a cup 
or vessel of the same fluid. The mercury in the tube will 
be kept suspended, by the pressure of the external air on 
the surface of that which is on the open cup : when this 
pressure is removed by placing them under a receiver, and 
exhausting it, the mercury in the tube will sink, and rise 
again on re-admitting the air. 

On the gravity of the air depends the ascent of 
water in pumps, syphons, &c. and the phenomena of the 
barometer. 

The weight of the air compresses all fluids, and resists i 
their dilatation ; it opposes the evaporation of fluids, &c. 

The gravity of the air resists the dilatation of the ani- 
mal fluids ; for the blood often bursts through the skin, 
or from the lungs, on the top of high mountains, occasion- 
ing hemorrhages, &c. because the air is there considerably 
lighter than near the level of the sea. 

By the pressure of the air, the sucking of animals, the 
art of cupping, and many other phenomena, are explained, 
too numerous to be noticed here. 

The operation of sucking in general consists in removing 
the pressure of the atmosphere from a certain part of the 
surface, whilst that pressure is at liberty to act on some 
other part of the surface ; in consequence of which, the 
fluid is forced to ascend where the* pressure has becB re* 
moved or diminidhed. 
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If a man apply his mouth to the aperture of a bottle fiill 
of liquor, and holding his head straight up, he will not be - 
able to suck any liquor out of it ; but if a hole be opened 
at the bottom of the botde, then the liquor may be sucked 
out of it* And the same effect will take place if an open. 
tube be set with one end in water, and a man apply his 
mouth to the other end, and suck* The mechanical part 
of the operation is as follows : by enlarging his chest, the 
man rarefies \he air, and of course diminishes its pressure 
on the li^or which is immediately under the tube ; in 
consequence of which, the pressure of the atmosphere on 
the surface of the siurounding liquor forces it to ascend 
into the tube* 

. Thus the doctrine of the gravity and pressiure of the 
air being established, by the most unexceptionable evi- 
dence, we are entitled to assume, a priori^ all its legiti- 
mate consequences* 

SPECIFIC WEIGHT OF ATMOSPHERIC AIR. 

A bulk of atmospheric air that is equal to an English 
quarts when taken near the level of the sea, and at about 
50^ Fahr. weighs at a medium about 16 grains,* and the 
same bulk of rain-water at the same temperature weighs 
about 14621 grains* Hence rain-water is about 914 times 
specifically heavier than air* 

The pressure of the air is equal to about 15 pounds 
troy on every square inch, and this pressure is the sam« 
in every direction* A square mile contains 27,878,400 
• square feet* The earth's surface in round numbers is 
200,000,000 square miles, and therefore the pressure of 
the atmosphere circumfused about the whole surface of 
the earth is 12'",04a,468",80O,O0O',O0O,O0O pounds* 

The surface of a middle-sized man is about 14 square 
feet ; he sustains therefore a weight of air that is equal at a 
medium to about 30,240 pounds troy, or 24,882| pounds 
avoirdupois nearly, or 1777 stone and 4 pounds^ or 11 
tons»2 cwt. 18^ lbs. 

Though our body supports such an enormous weight, 
we need not wonder at the freedom with which we tra- 
verse this atmosphere* We see fish move with as great 

• 100 cubic inches, tfie thermometer of Fah. bein^ at 60 degrees and 
the barometer at 30 inches, weighs 30,78 grains. 
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ease in a much more dense and mote pondetous fluid. 
We are not sensible of the weight of the air, on account 
of its being equally applied on every side, besides^ that tre 
have been accustomed to support it from our earliest in* 
fancy. Sensations to which we have at all times been 
habituated are not felt; we can perceive no difiereote 
where we have no standard to judge of variations* 

ELASTICITY OF ATMOSPHERIC AIR* 

Hiat the air is an elastic fluid, or capable of compres* 
sion and expansion, may be proved by a great number of 
experiments. In fact the elasticity or spring of the ai^ 
produces the same effect as the pressure, because the pres- 
sure is equal to the compressing force; for if it were lessit 
it is clear it would yield and be more compressed; were 
it greater, it would not be so much reduced ; for action 
and redaction are always equal. 

The air gun, the effects of whicli are* generally known^ 
illustrates the elasticity of the air, and shows the compres- 
sion it is susceptible of. 

A foot ball or bladder filled with air rebounds from 
any hard body. 

The elasticity of the air is also proved by fish aiid other 
animals. The former have received from nature various 
means of action ; among these is an air bladder, which 
they contract or dilate at pleasure, and by this double 
property they ascend or descend in the water. 

INVISIBILITY OF Allt 

• 

The invisibility of air suggests the vulgar idea of its 
being nothing: biit it must be considered that transpa- 
rent bodies, such as let the rays of light pass freely 
through them, cannot be seen. Thus water, glassy air^ 
&c. cannot be perceived by a^ eye, which is entirely 
surrounded by any of them. And even when ths^t is 
not the case, we can only perceive those isubstances by the 
heterogeneous bodies which they may happen to contain, 
<»* by ^e refraction, inflection, &c. of the rays of light at 
their surfaces ; hence, when such bodies are absolutely 
pure, and their surfaces are removed froin our sight, so 
that we cannot observe the bending of the rays of light at 
those surfaces^ then it is impossible to discern the bodies 
themselves. 

VOL. I. 38 • 
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If a glass bottle entirely filled with perfectly transparent 
water be situated against a dark place, so that no objects 
may be seen through it, a person who looks directly at it 
will not be able to say whether the bottle be full of crater 
or not. A fish, or man in water, will feel the water, but 
cannot see it. The particles which are seen moving 
about when light passes through a hole in a room other- 
wise dark, are not the particles of air, but they are parti- 
cles of dust, &c. which float in the air. Hence, 

Atmospheric air when confined in vessels is absolutely 
invisible^ and cannot be distinguished from the glass whidi 
contains it. It owes this property, as stated before, to the 
ready passage' it affords to die rays of light, which are 
refracted without being reflected, and it is therefore des- 
titute of colour; though some philosophers have per- 
suaded themselves that they discovered large masses of it 
to be of a blue colour, as is the case in the sky, or in view- 
ing extensive landscapes. But this is certainly a mistake ; 
the blue colour is occasioned by the, vapours which are 
^ways mixed with the air, and which have the property 
of reflecting the blue rays more copiously than any other. 

It appears, from the very accurate observations of Saus- 
sure, Uiat the colour of the sky acquires a deeper shade in 
proportion as it is viewed from a more elevated situa- 
tion.'* Consequently at a certain height the blue will 
disappear altogether, and the sky appear blacif that is to 
say it will reflect no light at all. 

DILATABILITY OF AIR. 

We have noticed already (page 98) that if a flaccid or 
half blown bladder be exposed to the action of caloric^ 
the air wiU be dilated so as to burst the bladder. 

' Experiment I. 

To the bottom of a hollow glass ball let an open bended 
tube be aflixed. Let the lower part of the bended tube 
be filled with mercury: the external surface will be 
pressed by the weight of the atmosphere, and the air en* 

* Journal de Pbysiqaey March 1777, and Saussure's Voyages dans les 
Alpes. 

Sauasute's Cyanometex*, waa a board painted with aU the shades of blue 
from a light blue to the deepest, approaching to black. 
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closed in the ball of the tube by means of the mercury- 
will be equally pressed by the spring of the air within the 
vessel. If the ball be immersed in boiling water, the in- 
creased elasticity of the included 2ax will raise the mer« 
cury in the tube. 

Rem ARK....The theory of the Mongolfiers depends on 
the rare&ction-of the air* In this case a given volume of 
atmospheric dr is rarefied hy heat, and kept separated 
from tibe common mass by a hollow vessel of clod). This 
rarefied space may therefore be considered.as consisting 
of a mass of air of greater levity than atmospheric dlx* 
It must therefore make an efibrt to rise in it. 

SECT. n. 

CHEMICAL EXAMINATION OF ATMOSPHE- 
RIC AIR. 

CHEMISTRY affords two gener^ methods of investi- 
gating the constituent parts of bodies, Analysis and Syn^- 
thesis ; that both of these methods can be applied iQ the 
investigation of the nature of atmospheric air we shall 
endeavour to prove. 

From some ingenious experiments Lavoisier has de« 
monstrated, as stated already, that the air of our atmos- 
phere is not a simple homogeneous fluid, but consists of 
two elastic aeriform bodies, possessing very different pro- 
perties ; {See Appendix No. 22.) one of which is capable 
of supporting combustion and animal life, called oxygen 
gas, and the other is destructive to animals and extinguish- \ 
es fire, called nitrogen gas. The atmosphere contains 
some other gaseous fluids, or bodies capable of being 
dissolved or suspended in it, but in small quantities. Late 
experiments seem to have proved that a minute quantity 
of carbonic acid is always contained in the air, for alkalies 
become effervescent; strontia, barytic and lime-watew# 
acquire a pellicle on being exposed a sufficient time to tft 
action of the air, even upon the highest mountains. 
Water is likewise always found in the atmosphere, but the 
quantity of these matters is extremely minute; and experi- 
ments are still wanting to prove satisfactorily that carbonic 
acid gas and water are always and every where present 
in our atmosphere. The former constituents must there- 
fore be considered as the two substances of which atmos- 
pheric air is composed. 
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tint viingcsk gas of the stmospheric ^r cannot be 
•epamfed by any wibslance with which chemists are ac- 
qi^k^'^f iht mdysis of air can only be attempted by ex- 
posing it to the actioi^ of those bodies yrUch have the i»x>- 
perty of abstracting its oxycren. The oxygen gas being 
S^paratfi^, the nitrogen is ktt beliind, and die proportion 
of oiiygen mvy be asoertuned by the diminution €>f bulk, 
vhi<;^ <Nias known, it is easy to determine the exact re- 
lative quantity ot the component parts* 

ANALYSIS OP ATMOSPHERIC AIR. 

Experiment L 

Fasten a straight piece of wax taper, about four inches 
long, upon a cork, then take an empty wine bottle^ and 
hold it by the neck in an inverted position ; light the 
taper, and introduce it quickly into the mouth of the 
bottle ; push in the cork in order to prevent the entrance 
of any air from without. . The flame of the taper will 
bum well at first, but in a few minutes it will contract, 
grow dim, and at last be extinguished. 

If now the taper be quickly withdrawn, the mouth of 
the bottle being closed with the thumb, and the taper 
lighted again and introduced into the botde, it will be 
immediately extinguished. 

On introducing die botde in an inverted position into a 
basin of water, and then withdrawing the cork, the water 
will aibc/end into the bottle and fill the place of the air 
which has been lo^t. 

The following experiment will further illustrate this 
fkct. 

EXPEEIMXNT II. 

Take a florence flask, holding about a pint, put into 
;^^three or four grains of phosphorus, and cork it air-tight. 
Having done this, heat it gradually over a lamp. As soon 
as the phosphorus has been heated to a certain degree it 
takes fire, burning with a flame and a dense white smoke ; 
but as it soon ceases to biun, heat the vessel again, after 
it has cooled, to try if any more combustion will take 
place ; lasdy, let the flask cool. 

If the vessel was perfectly dry, the inside of it will be 
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lined with a white coating, but if it was moist this coating 
wilt be dissolved into a fluid (phosphoric acid.) 

After every thing has returned to its former tempera- 
ture, plunge the flask inverted under water and draw out 
the cork ; the water will ascend in it : hence a portion o£ 
the air it contained has disappeared* 

The water which has risen shows what quantity of air 
has been lost, if its cubic contents be compared with that 
of the whole vessel. The portion of air thus vanished 
will in general amount to about one-fifth of the whole that 
had been submitted to the experiment. 

If the flask, after the phosphorus was enclosed in it, be 
accurately weighed, and again after the combustion has 
taken place, no difference of weight will be found. 

The water forc^MjB into the vessel changes die blut 
tincture of cabbag^H|e to red ; an evident proof of the 
presence of an acTc^^ 

The remaining air is unfit for burning phosphorus or 
other bodies ; animals are likewise sufibcated in it. 

RATiONAL£....Phosphorus is a simple body : on being 
heated it analyses the atmospheric air, that is to say, the 
equilibrium of the affinity subsisting between the com- 
pound parts of the air, namely, the oxygen and the nitro- 
gen, is broken, on account of the phosphorus having a 
greater attractiQn for the oxygen than the nitrogen has, it 
therefore unites to it, and becomes by this addition con- 
verted into an acid, called phosphoric acid : the other part 
of the atmosphere remains behind. The light and heat 
which are liberated during the combustion arise both 
from the oxygen gas and the phosphorus. 



Experiment III. 

Take a piece of lead or any other material considera- 
bly heavier than water, fasten into it perpendicularly me-r 
tal wires of different lengths ; affix tapers to the extremi- 
ties of these wires, and place the stand in the middle of a 
flat dish or basin half filled with water. Then light the 
tapers (which should differ in height five or six inches) 
and cover the whole with a tall cylindrical glass receiver. 
The tapers will bum during the first few minutes all alike, 
but after some time the highest one will assume a blue 



262 Eudiometry. 

colour, and the last be extinguislied, and the water in the 
dish wiO begin to rise ; the next taper in height will then 
bum dull and go out, and the others will be extinguished 
in succession* The water will rise at the same time ccm- 
siderably up into the glass* 

RATiONALE....The philosophy of this experiment is 
analogous to the former. The burning bodies effect in 
the confined quantity of atmospheric air a real analysis. 
They absorb the oxygen it contsuns and divest it of this 
principle, leaving the nitrogen gas behind. . Combustion 
therefore consists in the absorption of oxygen gas by a 
combustible body, the basis of the oxygen being absorbed^ 
and the caloric set at liberty* 
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KUDIOMETRY, OR 3M[ETH0DS OF ASCERTAINING THE * 
PURITY OF ATMOSPHERIC AIR. 

No sooner was the composition of the atmosphere 
known, than it became an inquiry of importance to find 
out a method of ascertaining with facility and precision the 
relative quantity of oxygen gas contained in a given bulk 
of atmospheric air. 

The instruments in which the oxygen gas of a deter- 
mined quantity of air was asceitained, received the name 
of EUDIOMETERS, because they were considered as 
measurers of the purity of air. They aire however more 
properly called OXYMETERS. 

The eudiometers proposed by different chemists are 
the foUbwing : 

1. PRIESTLEY'S EUDIOMETER!. 

The first eudiometer was, made in consequence of Dr. 
Priestley's discovery, that when nitrous gas is mixed 
with atmospheric air over water, the bulk of the mixture 
diminishes rapidly, in consequence of the combination of 
the gas with the oxygen of the air, and the absorption of 
the nitric acid thus formed by the water. 

When nitrous gas is mixed with nitrogen gas, no dimi- 
nution takes place ; but when it is mixed with oxygen gas 
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in proper propordons? the absorption is complete. Hence 
it is evident, that in all cases of a mixture of these two 
gases, the diminution will be proportional to the quantity 
of the oxygen. Of course it will indicate the proportioa 
of oxygen in air ; and by mixing it with different portions 
of air, it will indicate the different quantities of oxygen 
which they contain, provided the component parts of air 
be susceptible of variation* 

Dr. Priestley^s method was to mix together equal 
bulks of air and nitrous gas in a low jar, and then trans- 
fer the mixture into a narrow graduated glass tube about 
three feet long, in order to measure the diminution of 
bulk. He expressed tiiis diminution by the number of 
hundredth parts remaining. Thus, suppose he had mixed 
together equal parts of nitrous gas and air, and that the 
sum total was 200 (or 2.00){: suppose the residuum when 
measured in the graduated tube to amount to 104 (or 
1.04) and of course that 96 parts of the whole had disap- 
peared, he denoted the purity of the air thus tried by 104. 

R£MARK....This method of analysing air by means of 
nitrous gas is liable to many errors. For the water over 
which the experiment is made^ may contain more or less 
carbonic acid, atmospheric air^ or other heterogeneous 
substance. The nitrous gas is not always of the same 
composition, and is partiy absorbed by the nitrous acid 
which is formed ; the figure' of the vessel and many other 
circumstances are capable of occasioning consid^able dif- 
ferences in the results. 

Fontana, Cavendish, l^adrianl, Magellan, Von Hum- 
bolt, and Dr. Falconer, iiave^ made series of laborious 
experiments to bring the test of nitrous gas to a state of 
complete accuracy ; but notwithstanding the exertions of 
these philosophers, the methods of analysing air by means 
of nitrous gas are liable to so many anomalies, that we 
think it unnecessary to give a particular description of 
the different instruments invented by them. 

2. SCHEELE^S EUDIOMETER 

Is merely a graduated glass cylinder, containing a 
^Ven quantity of air, exposed to a mixture of iron filings 
and sulphur formed into a paste with water. The sub- 
stances may be made use of in the following manner : 
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Make a quantity of sulphur in ^wder, and iron filings^ 
into a paste with water, and place the mixture in a saucer^ 
or plate, over water, on a stand raised above the fluid ; 
dien invert over it a graduated bell-glass, and allow this 
to stand for a day or two. The air contained in the bell* 
glass will gradually diminish, as will appear from ihc as- 
cent of the water. 

When no further diminution takes place, the vessel con-^ 
taining the mixture must be removed, and the remaining 
air will be found to be nitrogen gas, which was contained 
in that quantity of atmospheric air. 

RATiONAL£....The moistened sulphur and iron have 
great afiinity to oxygen ; they attract and separate it from 
the atmospheric air, and the nitrogen gas is left behind ; 
the sulphur during the e^qperiment is converted into sul- 
phuric acid, which imites to the alkali and forms sulphate 
of potash. 

The air which is exposed to moistened iron and sul-* 
phur gradually becomes diminished, on account of its 
oxygen combining with a portion of the sulphur which 
becomes converted into sulphuric acid, and its nitrogen 
remains behind. The quantity of oxygen contained in the 
air examined becomes dius obvious, by the diminution of 
bulk which the volume of air submitted to examination 
has undergone. 

R£MARK....The only error to which this method is li- 
able, is Ihat the sulphuric acid which is formed acts on 
the iron and produces hydrogen gas, which joins to the 
nitrogen remaining after the absorption, and occasions an 
incorrect result; and hence it is that the absorption 
amounts in general to 0.27 parts, although the true quan- 
tity of oxygen is no more than from 0.21 to 0.22. 

3. DE MARTrS EUDIOMETER. 

De Marti obviated the errors to which the method of 
Scheele was liable. He availed himself f<»* that purpose 
of a hydrogenated sulphuret, formed by boiling sulphur 
and liquid potash, or lime-wat^rf together. These sub- 
stances, when newly prepared, have the property of ab** 
sorbing a minute portion of nitrogen gas; but they lose 
this property when saturated widi that gasf which is 
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easily effected by agitating them for a few minutes in con- 
tact with a small portion of atmospheric air. 

The apparatus is merely a glass tube, ten inches long, 
and rather less than half an inch in diameter, open at one 
end, and hermetically sealed at the other. The close end 
is divided into 100 equal parts, having ah interval of one 
line between 6ach division. The use of this tube is to mea- 
sure the portion of air to be employed in the experiment. 
The tube is filled with water, and by allowing the water to 
run out gradually while the tube is inverted, and the open 
end kept shut with the finger, the graduated part is exactly 
filled with air. These hundred parts of air are introduced 
into a glass bottle filled with liquid salphuret of lime pre- 
viously saturated with nitrogen gas, and capable of hold- 
ing from two to four times the bulk of the air introduced* 
The bottle is then to be closed with a ground glass stopper, 
and agitated for five minutes. After this the stopper is. 
to be withdrawn while the mouth of the phial is under 
water ; and for the greater accuracy, it may be closed and 
' agitated again. Lastly, the air is to be again transferred 
to the graduated glass tube, in order to ascertain the di- 
minution of its bulk."!^ 



4. HUMBOLT'S EUDIOMETER, 

Consists in decomposing a definite quantity of atmos- 
pheric air by means of the combustion of phosphorus, 
after which the portion of gas which remains must be 
measured. 

Take a glass cylinder closed at the top, and whose capa- 
city must be measured into.sufiiciently small portions by 
a graduated scale fixed on it. If the instrument be des- 
tined solely for examining atmospheric air, it will be 
sufficient tp a|^ly the scale from the orifice of the cy- 
linder down to about half its length, or to sketch that 
scale on a slip of paper pasted on the outside of the tube, 
and tp varnish it over with a transparent varnish. 

This half of the eudiometrical tube is divided into fifty 
equidistant parts, .which in this case indicate hundredth 
parts of the whole capacity of the instrument* 

* Journ. de Phys. Lll. 176. 
VOL. f . S4f 
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peditious ; the apparatus is portable, simple^ and conve- 
nient. 

Take a small glass tube graduated into one hundred 
equidistant parts ; fill this tube with the air to be exa- 
mined, and plunge it into a bottle or any other conveni- 
ent vessel, containing a concentrated solution of green 
muriate or sulphate of iron, strongly impregnated with 
nitrous gas. All that is necessary to be done is to move 
the tube in the solution a little backwards and forwards ; 
. under these circumstances the oxygen gas contained in the 
air will be rapidly absorbed ; and condensed by the ni- 
trous gas in the solution, in the form of nitrous acid. 

N. B. The state of the greatest absorption must be 
marked, as the mixture afterwards emits a little gas which 
would alter the result. 

This circumstance depends upon the slow decomposi- 
tion of the nitrous acid (formed during the experiment) 
by the green oxyd of iron, and the consequent production 
of a small quantity of aeriform fluid (chiefly nitrous gas) 
which having no affinity with the red muriate, or sulphate 
of iron, produced by the combination of oxygen, is gra- 
dually evolved, and mingled with the residual nitrogen 
gas. 

The impregnated solution with green muriate is more 
rapid in its operation than the solution with green sulphate. 
In cases when these salts cannot be obtained in a state of 
absolute purity, the common sulphate of iron of commerce 
may be employed. One cubic inch of moderately strong 
impregnated solution is capable of absorbing five or six 
cubic inches of oxygen in common processes ; but the 
same quantity must never be employed for more than one 
experiment. 

GENERAL REMARKS. 

In all these different methods of analysing air, it is ne- 
cessary to operate on air of a determinate density,* and to 
.take care that the residuum be neither more condensed 
nor dilated than the air was when first operated on. If 
these things are not attended to, no dependence whatever 
can be placed upon the result of the experiments, how 
carefully soever they may have been performed. It is 

* Hence the necessity of noting the state of the barometer and ther- 
mometer. T. C. 
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therefore necessary to place the air before and after the 
examination into water of the same temperature. If this 
and several other little circumstances have been attended 
to, for instance a change in the height of the barometer, 
&c. we find that air is composed of 0.22 of oxygen gas, 
and 0.78 of nitrogen gas by bulk. But as the weight of 
these two gases is not exactly the same, the proportion of 
the component parts by weight will differ a little ; for as 
the specific gravity of oxygen gas is to that of nitrogen gas 
as 135 : 1159 it follows that 100 parts of air are compos- 
ed by weight of about 

74 nitrogen gas 

26 oxygen gas 

100 

The air of this metropolis, examined by means of Da- 
vy's eudiometer, I found in all the different seasons of the 
year to contain 0.21 of oxygen ; and the same was the case 
with air taken at Islington and Highgate» in the solitary 
cells in Cold-bath-fields prison, on the River Thames, and 
at Brighton. But the quantity of water contained in a 
given bulk of air from these places differed considerably. 

Having thus ascertained the nature and the proportion 
of the componeQt parts of air, it remains only to inquire 
in what manner these component parts are united. Are 
they merely mixed together mechanically, or are they 
combined chemically ? Is air a mechanical mixture or a 
chemical compound ? Philosophers seem at first to have 
adopted the former of these opinions, if we except Scheele, 
who always Considered air as a chemical compound. But 
the supposition that air is a mechanical mixture, by no 
means agrees with the phenomena which it exhibits. If 
the two gases were only mixed together, as their specific 
gravity is different, it is scarcely possible that they would 
be uniformly mixed in every part of the atmosphere. 
Since therefore air is in all places composed of the same 
ingredients, exactly in the same proportions, it follows 
that its component parts are not only mixed, but actually 
combined.^ When substances differing in specific gravity 
combine together, the specific gravity of the compound is 

*For the specific gravity of oxyi^n is to that of nitrogeDj as 1.103, 
to 0.9^9. T. C. 
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usually greater than the mean. This holds good also 
with respect to air. The specific gravity, by calculation^ 
amounts only to 0.00119, whereas it actually is 0.0012. 
We must therefore consider air as a chemical compound. 
Hence the reason that it is in all cases the same, notwith- 
standing the numerous decomposing processes to which 
it is subjected. The bres|thing of animals, combustion, 
and a thousand other operations, are constantly abstract- 
ing its oxygen, and decomposing it. * The air thus decom- 
posed or vitiated, no doubt, ascends in the atmosphere, 
and is again, by some unknown process, re-converted in- 
to atmospheric air. But the nature of these changes is 
at present concealed under an impenetrable veil.* 

* Atmospheric air supports life and combustion by means of its oxy- 
gen. When inspired^ a part of the oxygen is absorbed by the blood» and 
a part converted into carbonic acid by the carbon given out from the 
blood. Atmospheric air is absorbed by water, froi^ which it can be ^« 
pelled by boi)ing. J. Q. 
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CARBONIC acid gas is the first elastic aeriform fluid 
that was known. We find that the ancients were in some 
measure acquainted with it. Van Helmont called it the 
gas of Must, or of the vintage, or gas syhesire* 

We are indebted to Dr. Black of Edinburgh for the 
knowledge of some of the most remarkable properties of 
this fluid. In the year 1755 he discovered the affinity 
between this gas and the alkalies : and Bergman, in 1772, 
proved that it was an acid. 

PROPERTIES OF CARBONIC ACID GAS. 

Carbonic acid gas is invisible. It extinguishes flame. 
It is fatal to anim^ life. It exerts powerful effects on 
living vegetables. Its taste is pungent and acid. Its ener« 
gy^ as an acid, is but feeble, although distinct and certain. 
Neither light nor caloric seems to produce any distinct ef- 
fect upon it, except that the latter dilates it. It mixes 
without combining with oxygen gas. It unites with water 
slowly. These two fluids, after OMisiderable agitation, 
atls^t confibine, and form a sub-acid fluid. The colder 
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the water, and the greater the pressure applied, the more 
carbonic acid gas will be absorbed. The water impreg- 
nated with it sparkles upon agitation ; it has a pungent, 
acidulous taste, and reddens tincture of litmus. Heat 
again disengages the gas from the water. This gas pre- 
cipitates lime, strontia, and barytes, from their solutions 
in water. It is greedily attracted by all the alkalies. It 
imdergoes no alteration by light. Its specific weight is 
to that of atmospheric air as 1500 to 1000. It may be 
poured out of one vessel into another. It is not acted 
upon by oxygen, nor is it altered by any of the simple 
combustible bodies at common 'temperatures ; but phos- 
phorus, iron, and lime, are capable of decomposing it 
when assisted by heat. 

METHODS OF OBTAINING CARBONIC 

ACID GAS. 

Of all the gases, carbonic acid gas is that, perhaps, 
which is diffused in the greatest abundance throughout 
nature. It is founds in three different states : Istf In that 
of gas ; 2dlyy In that of mixture ; and Sdly^ In that of 
combination. The various processes of obtaining it afe 
the following : 

1. Put into a common gas-bottle, or retort, a litde 
marble, chalk, or lime-stone^ and pour oh it sulphuric 
acid, diluted with about six times its weight of water ; an 
effervescence will ensue, and carbonic acid gas will be li- 
berated, which those who have an opportunity may col- 
lect over mercury ; but a mercurial apparatus is not, ab- 
solutely necessary, since the gas may be collected over 
water, if it is to be used immediately when procured. 

Ration AL£....In this instance the carbonic acid is dis- 
engaged from the state of combination, and reduced to 
the aeriform state of gas. The marble, lime-stone, -or 
chalk, consists of this acid and lime ;,''on presenting to it 
sttipfauric acid, a decomposition takes place : the sulphu^ 
ric acid has a greater affinity to the lime than the carbonic 
acid has ; it therefore unites to it, and forms sulphate of 
lime, disengaging at the same time the carbonic acid ia 
the state of gas at the temperature of our atmosphere. 

R£HA&K....Carbonic acid gas may in this manner be 
disengaged from all its combinations with alkalies f by 
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using ind^erently any other dense acid, possessing a 
superior affinity to the alkali in the common acceptatioa 
of the word. 

2. It may likewise be obtained from the same substan- 
ces by the action of caloric. 

^ For this purpose reduce marble or chalk to powder, 
introduce it into a gun barrel, which must be placed across 
the universal furnace, adapt a bent tube to its lower ex- 
tremity, and insert it below a receiver in the pneumatic 
apparatus. Maintain a strong heat till the barrel is 
brought to a state of ignition, and at that temperature 
carbonic acid gas will be liberated in abundance. 

RATiONAL£«...In this case a decomposition of the mar- 
ble or carbonate of lime takes place, on account of the 
action of caloric, which at a high temperature breaks the 
affinity of the carbonic acid and lime ; it unites with the 
first, and leaves the lime behind in that state which is 
generally called quick lime. 

3. Carbonic acid gas may also be obtained by burning 
charcoal in oxygen gas. We have ialready mentioned this, 
but we shall here give directions how it is best effected* 

Take a bell glass, fiUed with oxygen gas, resting inverted 
,;in a basin of mercury ; pass up into it some bits of new 
made charcoal, with some touch paper affixed to them ; 
set fire to them by means of a lens collecting the sun's 
rays, and carbonic acid will be produced by the combus* 
tion of the charcoal. 

The rationale of this experiment has been given, page 
230. 

Carbonic acid gas is often found occupying the lower 
parts of mines, caverns, tombs, and such other subterra- 
neous places as contain tnaterials for producing it. It is 
called choke, or chalk damp. The grotto del Cane, near 
Naples, has long been famous for the quantity of carbonic 
acid gas produced there, which runs out at the opening 
like a stream of water. The quantity of carbonic acid 
gas generated in this cavern is so great, that a dog or any 
other animal is immediately killed if his nose be thrust 
into it.* 



* But as by its weight it does not rise speedily, a man's head is above 
it, and therefore thoug^h a dog will be effected by it in that grotto^ a mai) 
will not by merely going in. T.C. — 
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The carbonic acid^ existing naturally in a state of gas, 
may be collected by filling bottles with water and empty- 
ing them in the atmosphere of this gas ; the gas takes the 
£lace of the water, and fills the botdes, which must then 
e corked. 
Carbonic acid gas is likewise formed during fermenta- 
tion ; on account of its great weight, it occupies the appa- 
rently empty space^ or upper part of the vessel in which 
the fermenting process is going on. It may in this case 
be collected in a manner similar to that above. 

Carbonic acid gas is also obtained during respiration, 
during the reduction of metallic oxyds, and during the 
deflagration of nitrates with combustible bodies, as shall 
be noticed in another part of this work. 

It contains 13 parts carbon, 34 parts oxygen. 



SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF CARBONIC ACID GAS. 

Experiment I. 

Carbonic acid gas is unfit for combustion. 

To prove this, set a vessel filled with this gas with its 
mouth upwards, and let down a lighted candle ; the candle 
will be immediately extinguished, and the smoke remain- 
ing in thi? gas will render its surface visible, which by agi- 
tation may be thrown into undulating waves. 

The following experiment will show this property in a 
pleasing manner. 

Experiment II. 

Take three glass tubes, of equal heights, and fill the 
first with atmospheric air, the second with carbonic acid 
gas, and the third with oxygen gas ; plunge successively, 
and with swiftness, a lighted taper into these three tubes; 
first into that containing atmospheric air, then into the 
ttibe^lled with carbonic acid gas, and lastly into that filled 
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with oxygen gas. la the tube filled with atmospheric air, 
the taper will bum with its usual brightness ; in that filled 
with carbonic acid gas, the flame will be suddenly extin- 
guished, but the glowing wick will be re-lighted in the 
tube containing oxygen gas^ and bum with a dazzling 
splendour. 

RATiONALE....This experiment confirms a fact already 
established ; namely, that oxygen gas is much fitter for 
combustion than atmospheric air ; and is also a most com^ 
plete proof that carbonic acid, gas extinguishes light. 

REMARK....This property of carbonic acid gas may be 
advantageously made use of to learn whether the air in a 
newly sunk well^ in subterraneous caverns, pits, mines^ 
vaults, cellars, and the like, may be approached without 
danger. 

Experiment III. 
Carbonic acid gas is fatal to animal life. 

Put a mouse or other small animal into a vessel filled 
with this gas, and cover the Vessel, to prevent the contact 
of atmospheric air. The animal will die in a minute or 
two. 

R£MARK«...It is this gas which has produced so many 
fatal accidents, at the opening of cellars or vaults, in which 
wine, cider, or beer, has been suiFered to ferment. 

The famous lake of Avemo, where Virgil placed the 
entrance of hell, yields so large a quantity of carbonic 
acid gas, that birds cannot fly close over it with impunity* 

Experiment IV. 

Carbonic acid gas is heavier than atmospheric air.^ 

Let a long glass tube proceeding from a gas-bottle in 
which carbonic acid gas is disengaging be twice bent at 
right angles. Let the open end of the longest leg reach 
to the bottom of a jar, perfectly dry within, and standing 
with its mouth uppermost. The carbonic acid disengaged 
will e,xpel the atmospheric air from the jar, on account of 
Its greater specific gravity. When the jar is filled with 
the gas (which may be known by a lighted candle being 

* Atmospheric air being 1, carbonic acid gas according to Biot and 
Arago, is 1,5196. T. C/ 
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instantly exdngaished in it a little below the brim) take 
another jar of rather a smaller size, and place at the bot- 
tom of it a lighted taper or a^mall animal, and pour the 
invisible contents of the first jar into the second (in the 
same manner as if water was poured) the candle wiU be 
immediately extinguished, or the animal will die ; though 
the eye is incapable of perceiving any thing poutied upon 
^em capable erf* producing this effect* 

Experiment V. 

Carhonic acid ^as is absorbable by water* 
(See Appendix No. 24.) 

Fill a jar partly with this gas, and let it stand for some 
hours over water ; an absorption will gradually take place, 
till at last none of the gas remains. If this be repeated, 
with this difference, that the jar be shaken strongly, a very 
rapid diminution will take place* 

Rem ARK**.. Water may be charged with upwards of 
three times its own bulk of carbonic acid gas, if pressure 
be applied* The water thus impregnated has a very brisk 
and pleasant taste^ Various kinds of apparatus are em- 
ployed for this purpose* A machine has been invented by 
Dr. Nooth, and improved by Parker and Magellan^ 
which is convenient and ingenious ; but it is impossible 
to impregnate water by its means with more than half its 
own bulk of carbonic acid gas. I'he valve of this ma- 
chine is the most defective, and renders it extremely apt to 
break : for the capillpry tube does not admitthe air through 
ity unless there be a considerable quantity condensed in the 
lower vessel, and dbe cc^deiiaation is apt to burst the ves- 
sel. Other apparatus, more simple^ have been invented 
by different persons, descriptions of which may be found 
in Scherer*s Journal der Chimie; in the Transactions of 
the Manchester Philosophical Society ; and in Bouillon 
La Grange's Manual of Chemistry, voL I. p. 93. 

Cider, perry, ale, champaign, &c* owe their briskness 
to the carbonic acid gas which they contain, and which 
becomes rapidly disengaged in order to assume the gase- 
ous form, on removing the cork of the botde ; it is this 
also which produces froth, &c* 
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EXPEEIMEVT VI. 

Carbonic acid gas when combined with water possesses aQi(t 

properties^ 

This may be shown by dipping into water saturated 
with carbonic acid gas a piece of litmus paper, or by mix* 
ing with it about an equal quantity of infusion of cabbage. 
The blue colour of the paper or illusion will be chai|ged 
to red. 

Experiment VIL 

Carbonic acid gas precipitates limey baryticy and strontia 

water* 

Let the stream of carbonic acid gas, as it proceeds from 
the disengaging vessel, pass into either of these solutions, 
the fluid, though perfecdy transparent before, will instant- 
ly grow turbid, and carbonate of lime, barytes, or stron- 
tia, will be formed. 

If equal measures of water impregnated with carbonic 
acid gas, and either of the above solutions be mixed, a 
similar effect will be produced. 

Experiment VIII. 

Carbonic acid gas exerts powerful effects on living 

vegetables. 

Water impregnated with carbonic acid gas proves 
highly nutritive, when applied to the roots of plants. 
But, on the contrary, carbonic acid gas applied as an at- 
mosphere, by confining living vegetables in it, proves in- 
jurious to the health of the pknts, especially in the shade. 

This may be proved by confining a small plant in a 
vessel filled with the gas. The plant will soon decay and 
die. 

RATiONAL£....In the first case, where water is present, 
the carbonic acid is decomposed, the carbonaceous prin- 
ciple fixes itself into the vegetable, becoming a compo- 
nent part of it, the oxygen which held the carbon in solu- 
tion is therefore disengaged in a gaseous state. .In the 
latter instance no such effect takes place. 
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EXPERIMENK* IX. 

t. 
Carbonie acid gas is rapidly absorbed by alialieSy and al- 
kaline earths. 

Fill a tube with this gas over water, and when full in- 
vert it in a cup containing a concentrated solution of pot- 
ash, or any other alkali ; the solution will rise in the tube, 
and if the gas be very pure will fill it entirely* 

RATioNALE..«.This absorptiou of the gas is owing to 
the alkali uniting with the carbonic acid gas, and forming 
with it a saline compound, called carbonate of potash.* 

* It unites and forms neutral salts with tke alkalies^ the alkaline earths 
and most metals. T. C. 
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PART XX. 



SECT. I. 

It was mentioned before that hydrogen gas has the 
property of dissolving various substances in minute quan* 
titles, such as carbon, sulphur^ phosphorus, &c« The na- 
ture of the gas now under consideration furnishes an in- 
stance of this kind. Light carbonated hydrogen gas is 
hydrogen gas holding charcoal in solution. There are 
several combinations of this kind of gas obtained by dif- 
ferent processes^ whic^i diifer in their properties, and in 
the proportion of their constituent principles. 

PROPERTIES OF LIGHT CARBONATED 

HYDROGEN GAS. 

• 

Light carbonated hydrogen gas has a fetid odour. It is 
neither absorbed nor altered by water. It is inflammable, 
and bums with a denser and deeper coloured flame than 
hydrogen gas. It is unalterable by acids or alkalies, and 
by water. Its specific gravity is greater than that of hy- 
drogen gas, or that of common air. Its combustion with 
a due proportion of oxygen gas is productive of water and 
carbonic acid. When passed through melted sulphur, it 
becomes converted into sulphurated hydrogen gas, and 
charcoal is deposited. Electrization dilates it permanently 
to a little more than twice its original bulk. The air thus 
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expanded requires a greater .quantity of oxygen to decom- 
pose it than the same quantity of gas not dilated by elec- 
tricity ; 100 cubic inches of pure carbonated hydrogen 
gas weigh from 16 to 21 grains* 

METHODS OF OBTAINING LIGHT CARBON- 

ATED HYDROGEN GAS. 

Light carbonated hydrogen gas may be obtained from 
animal, vegetable, or mineral substances. Nature pro* 
duces it ready formed in marshes and ditches, on the sur- 
face of putrid water, in burying places, common sewers, 
and in those situations where putrid animal and vegeta- 
ble matters are accumulated. It is also generated in the 
intestinal canal of living animals. 

1. Light carbonated hydrogen gas may be plentifully 
procured from most stagnant waters : to do this fill a 
wide mouthed botde with the water, and keep it inverted 
therein, with a funnel in its neck : then with a stick stir 
the mud at the bottom just under \h\i, funnel in the bot- 
tle, so as to let the bubbles of air which rise from the mud 
enter into the bottle ; when, by thus stirring the mud in 
various places, and catching the air in the botde, it is fill- 
ed, it must be corked under water. 

2. It may also be obtained durinc^ the distillation of ani- 
mal and vegetable matters. ' For mstance. 

Let shavings of wood or saw^-dust be put into a retort, 
and begin the distillation with a gentle heat, increasing it 
gradually till the retort becomes red hot ; a great quantity 
of gas will be liberated, which may he caught over water.* 
On examining this gas, it will be found to consist of car- 
bonic acid gas and carbonated hydrogen gas. In order to 
obtain the latter in a state of purity, the whole must be 
mixed with lime water, or with a caustic alkaline solution. 
The carbonic acid gas will be absorbed, and the carbona- 
ted hydrogen gas left behind in a pure state* 

RATiONALE....The production of this gas in this man* 
ner is the result of a partial analysis of the wood : it proves 
that wood contains solid hydrogen, carbon, and oxygen. 
When the intensity of the heat has reached a certain 
degree, a part of the charcoal unites with part of the 
oxygen, and produces carbonic acid, which by means of 

* I procured 12 quarts of gas from 4 ounces of pine saw dust ; and 
about 19 quarts from 4 ounces of Liverpool coal. T. C. 



Light carbonated Hydrogen Gas* QH 

caloric is melted into the gaseous state, and forms carbo* 
nic acid gas ; at the same time, a part of the hydrogen of 
the wood combines with another portion of carbon and 
caloric, and forms carbonated hydrogen gas. 

RsMARK*...The flame of burning wood, &c. is the in- 
flamed carbonated hydrogen gas, liberated on the applica- 
tion of caloric to such bodies. 

3. Charcoal is in general made use of for obtaining 
light carbonated hydrogen gas. For this purpose, put 
some moistened charcoal into an earthen retort, apply 
heat) and increase it till the retort becomes ignited ; gas 
will be evolved, consisting partly of carbonic acid gas, and 
pardy of light carbonated hydrogen gas, which may be 
separated as before. 

RATiONAL£...In this case a decomposition of the water, 
takes place, by means of the charcoal. The oxygen for- 
sakes its hydrogen^ and unites to part of the charcoal at 
this temperature, and forms carbonic acid gas, in conjunc- 
tion with caloric ; the liberated hydrogen, assisted by 
caloric, dissolves another portion of the charcoal, and 
forms with it light carbonated hydrogen gas. 

4. Light carbonated hydrogen gas may be formed in a 
direct manner by dissolving charcoal in hydrogen gas. 
This may be effected by directing the rays of the sun, 
collected in the focus of a mirror, upon a small piece oi 
charcoal placed on mercury^ in a receiver filled with hy- 
drogen gas. 

SECT. n. 

EXPERIMENTAL PROOFS OF THE PRO- 

PERTIES OF LIGHT CARBONATED 

HYDROGEN GAS. 

Experiment I. 

Light carbonated hydrogen gas is injlammable* 

This may be shown by filling a tumbler, or any wide- 
mouthed vessel, with this gas, and setting fire to 'it, by 
means of a lighted taper. It may likewise be shown by 
burning it in the manner directed for burning hydrogen 
gas. The ccdour of the flame of this gas is of a deeper 
blue than that of hydrogen gas* 

VOL, I. 36 * 
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EXPERIMEKT II. 

Light carbonated hydrogen gas is heavier than hydroge/i. 

gas. 

» 

Soap bubbles blown in it do not ascend like those filled 
with hydrogen gas, but descend like those filled with 
common air. Ajar filled with carbonated hydrogen gas, 
held inverted for a few minutes, exchanges its content^ 
for common air* 

Experiment III. 

Decomposition of light carbonated hydrogeri gas ^ by means 

of oxygen gas. 

Mr, Cruikshank found (Nicholson's Journal, April, 
1801) that six measures of carbonated hydrogen gas ob- 
tained from moistened charcoal, when mixed with four 
of pure oxygen gas, over mercury, exploded violendy by 
the electric spark, and became augmented to 1 2^ measures, 
or that there was an increase of 2| measures nearly. On 
admitting lime-water, the vokime diminished rather more 
than two measures ; the residue amounted to lOi, on 
which nitrous gas had no efFtctt Two measures of the 
residuary gas fired with one of oxygen became reduced to 
one, which was carbonic acid gas. Hence the whole re- 
siduary gas would require about S\ measures of oxygen to 
saturate it, and produce $ measures of carbonic acid gas. 

Experiment IV. 

Decomposition of light carbonated hydrogen gas^ by means 
of oxygenated muriatic acid gas. 

The effects of the oxygenized muriattc acid gas upon 
all the hydro-carbonates is remarkable. Mr. Cruikshank 
observed, that if the pure oxygenized muriatic acid gas 
be mixed with these kinds of gases over water, although 
no action should be perceptible at first, yet in twenty-four 
hours a complete decomposition and change of principles 
takes place. 

For instance, introduce into a bottle filled with and in- 
verted over water oneuneasure of pure light carbonated 
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hydrogen gas well washed, mixed with two measures of 
fresh-prepared pure oxygenized muriatic acid gas. On 
the first contact of the oxygenized muriatic acid -gas, a 
white cloud and some diminution will be perceived, which 
will soon cease. The bottle must then be stopped, and 
suffered to remain inverted in water for about twenty-four 
hours. If the bottle be then uncorked under water, this 
fluid will instandy ascend into it, and the gas will occupy 
about .43 parts of a measure, the diminution being 2.57 
measures^ On mixing the residuary gas with lime-water, 
.09 parts more become absorbed. 

RATiONALE-...The results obtained in this experiment 
with the pure light carbonated hydrogen gas are very easi- 
ly understood ; for it is evident that the oxygenized mu- 
riatic acid gas gives out its excess of oxygen to the carbon 
and hydrogen of the inflammable gas from a superior af- 
finity ; in consequence of which, we have no less than four 
new compounds. Part of the oxygen of the oxygenized 
muriatic acid gas joins to the hydrogen of the carbonated 
hydrogen gas, and forms water ; another part unites to the 
charcoal, and produces carbonic acid gas ; a still less quan- 
tity combines with another portion of charcoal, and forms 
gaseous oxyd of carbon ; and the oxygenized muriatic acid 
gas, by thus losing its excess of oxygien, becomes convert- 
ed into simple muriatic acid gas. 

R£MARK....According to Mr. Cruikshank's experi- 
ments, 100 cubic inches of light carbonated hydrogen gas, 
obtained from wetted charcoal, weighed 14.5 grains ; 
they required 66 cubic inches (22.4 grains) of oxygen to 
saturate them. The compound yielded 40 cubic inches 
(19 grains) of carbonic acid, and nine grains of water. 
Hence this gas consists of nearly 4 of carbon, 1.3 of hy- 
drogen, and 9 of water. 
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PART XXL 



SECT, I. 

THIS gas \yas first brought into notice by a society of 
JDutch chemists, consisting of Deiman, Troostwyk, Bond, 
and Laurenburgh* They observed in this gas the particu* 
lar property, that when it was combined with oxygenated 
muriatic acid gas in a certain proportion the elastic form 
of both fluids became destroyed, and an oil wa3 produced.; 
for which reason they called it okfiant gas. 

PROPERTIES OF HEAVY CARBONATED 

HYDROGEN GAS. 

Heavy carbonated hydrogen gas is not absorbed or 
altered by water. Its weight compared with common air 
is as 909 to 1000. It has a disagreeable fetid odour, dif- 
ferent from that of light carbonated hydrogen gas. It 
bums with a strong compact flame, similar to that of a 
resinous oil. When mixed with oxygenized muriatic acid 
gas its bulk is diminished, and an oil is formed. When 
the mixture of these two gases is firedy a quantity of char- 
coal is immediately deposited in the form of fine soot. 
Sulphuric, sulphureous, nitric, nitrous, and muriatic acids 
do not act upon it > neither does nitrous gas, nor any of 
the fixed alkalies. Ammonia adds to its volume without 
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occasioning any other change* Phosphorus heated in it 
even to fusion does not affect it* When made to pasa 
through an igraited gfeis tube^ it does not diminish in vo- 
lume, but loses the property of forming oil with oxygen- 
ized muriatic acid gas. Electric shocks passed through 
it dilate, and likewise deprive it of ;(|jk property. When 
passed through an ignited porcelain m^, it affords hydro- 
gen gas, mingled with carbonic acid, and Qari)on is depo« 
sited. When passed through a tube with sulphur in fu-> 
sion, sulphurated hydrogen gas is obtained, and charcoal 
deposited* When burnt with oxygen gas, or when passed 
through a i>ed-hot tube filled with oxyd of manganese, 
carbonic acid gas is fon^ed. 

METHODS OP OBTAINING HEAVY CAR- 
BONATED HYDROGEN GAS. 

Heavy carbonated hydrogen gas is obtained by decom* 
posing alcohol by sulphuric acid at high temperatures* 
It is idso obtained in abundance when alcohol or ether is 
passed through a red-hot earthen tube. Sulphuric ether^ 
mixed with sulphuric acid, and subjected to heat, also 
affprds it» but in a less pure state. 

The Dutch chemists observed, that if the vapour of 
ardent spirit or ether be made to pass through a glass 
tube, over the component parts of the eardien tube, 
namely, alumine and silex, this gas was also produced, 
or by passing it through a red-hot tube of pipe-clay* 

In order to obtain this gas, the l(^wing method may 
serve : 

Let four parts by weig^ of concentarated sulphuric acid 
and one of highly rectified ardentjspirit be mingled together 
gradually in a glass retort, heat will be develc^d, the mixr 
ture will become brown, and heavy carbonated hydrogefi 
gas will be extricated by the application of beat* When 
a moderate heat is applied^ the anion is very violent, and 
the gas is liberated very copiously, and may be received 
over water* 

The gas 4>btai|ied is always mixed with a considerable 
quantity of sulphureous acid gas, from which it may be 
freed by agitating it in contact with lime* water, or a solu-^ 
tion of potash* 
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R£MAitK.«.*In this operation the heat ought to be re- 
gulated with great. care, and the retort holding the mix- 
ture ought to be very capacious, otherwise the. matter 
will be forced over into the receiver* . The heat of a can- 
dle or lamp is sufficient. 

Numerous experiments by different chemists have 
proved, that this species of carbonated h} drogen gas con- 
tains a larger quantity of carbon in solution than the for- 
mer. This becomes obvious from the gas losing the 
property of forming oil, by being made to pass through 
an ignited tube ; for it then deposits charco^U and becomes 
converted into light carbonated hydrogen gas. 

The Dutch philosophers suppose, that the disposition 
to form oil depends on the proximity of the constituent 
moleculse of the gas ; and the loss of this property they 
suppose to be owing to the separation of these nioleculae, 
by the introduction of a greater quantity of caloric. 

Heavy carbonated hydrogen gas, they say, is converted 
into light barbonated hydrogen gas Whenever a process is 
executed which increases the distance subsisting between 
its component parts. In this way the attraction betweeen 
the particles of the hydrogen and carbon is diminished, 
which happens whenever the gas is made to pass through 
ignited tubes, capable of acquiring a high temperature, or 
by strongly electrifying it. 

Either heavy or light carbonated hydrogen gas may 
therefore be obtained indiscriminately from the same sub- 
stances, namely ether or ardent spirit. Their difference 
arises ifrom different methods of treating these fluids, 
and is constantly reducible to this ; that in forming the 
first gas a less quantity of caloric acts upon the mass, and 
a compound is formed, in which the hydrogen and char- 
coal are more concentrated, and more disposed to form 
oil by the addition of oxygen ; whereas by more strongly 
heating the ardent spirit or ether, they become more 
completely decomposed ; their constituent parts are re- 
moved to a greater distance, by a greater proportion. of 
caloric being introduced between them ; and the simul- 
taneous attraction, which might be disposed to form. oil 
with oxygen, is so far diminished, that they are no loiiger 
capable of that transition, therefore no oil can be formed* 

Hence we perceive, likewise, why the specific gravity 
of the heavy carbonated hydrogen gas, when it loses its 
property of forming oil, becomes diminished. 
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We do n6t however agree with the Dutch chemists, 
that either the alumine, silex, or earthen tube serves to 
form this gas, as they assert^ while glass tubes only afford 
the c6mmon carbonated hydrogen gas. These different 
effects certainly do not arise from the causes which are as- 
signed to them. They seem to arise from a less degree 
of heat having been applied in all the cases where the 
heavy carbonated hydrogen gas was produced, and^ a 
greater degree in all those which present the light car- 
bonated Tiycirogen gas. 

Mr. Nicholson observed,* that when ardent spirit is 
burnt in the lamp of Argand, and the lower aperture or 
air passage of the lamp is kept open, the flame of the 
spirit is as usual faint and bluish, resembling that of car- 
bonated hydrogen gas ; but if the air passage be obstructed, 
by slowly applying the palm of the hand, or any more 
suitable obstacle, the flame becomes more and more lu- 
minous, like that of oil, until in the progress of obstruction 
the aperture is so much closed that the combustion begins 
to decay for want of air. By a proper adjustment of the 
aperture, the spirit may be made to burn with a constant 
luminous white internal flam^. In this case the tempera- 
ture is precisely such as to produce the olefiant gas. 



SECT. n. 



EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF HEAVY CARBONATED HYDRO- 
GEN GAS. 

The properties of this gas being similar to those of the 
other hydro- carbonates, it is unnecessary to exhibit expe- 
rimental proofs of them ; those already advanced under 
the head of light carbonated hydrogen gas will explain 
them all, with the exception of its characteristic property 
of producing oil with oxygenized muriatic acid gas, which 
shall be inserted here, with a few other interesting re- 
marks. 

■^ Joumta of Natural Philosophy, &c. May, 1797, p. 55, 
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Experiment I. 

Production tf^il by the mixture tfheaf>y carbonated h^" 
drogien gas with oxygenated muridtic acid gas* 

Take a glass tube, send up into it three parts oi fresh 
prepared heavy carbonated hydrogen gas, and add to it 
gradually four parts of Jresh prepared oxygenized muriatic 
acid gas. After each addition of the gas, shake'the mix- 
ture ; an absorption will take place, caloric will be liber- 
ated, and the tube will become filled with white vapours; 
When the g-ases have totally disappeared, an oil of a pearl 
gray colour will be deposited. 

This oil is heavier than water, its odour is agreeable 
and penetrating, its taste is rather sweet ; it becomes yeU 
low by exposure to air* 

EXPEJllMfeNf tL 

Conversion of hea^y carbonati^d hydrogen gas into light 
carbonated hydrogen by combustion with oxygen gas. 

Let equal parts of fresh prepared heavy carbonated 
hydrogen gas and oxygen gas be mingled together in a 
detonating tube, and a spark be passed through it, a mo- 
mentary expansion ^will take place, the tube will become 
lined with a fine black soot of charcoaU and the heavy 
carbonated hydrogen gas will thus be converted into light 
carbonated hydrogen gas. 

Mr. Cruikshank fouiid that 100 cubic inches of carbo* 
nated hydrogen gas, obtained from alcohol, weighed 16 
grains : it required 118 cubic inches of oxygen to saturate 
it^ and produced T5 cubic inches of carbonic acid. This 
gas therefore consists of 7 carbon, 1.9 hydrogen, and 7 
water. 

The same quantity of gas obtained from ether weighed 
SO grains : it required for saturation 170 cubic inches of 
oxygen, and produced 108 of carbonic acid. Hence this 
gas consisted q{ 9 tarbon> 3 hydrogen, and 8 water. 

One hundred cubic inches of carbonated hydrogen g^Si 
obtained from camphor^ weighed 21 grains. They con- 
sumed 176 cubic inches of oxygen, and produced 116 of 
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carbonic acid; this gas consisted therefore of 11 carbon, 
2 + hydrogen, and 8 or 9 of water. 

In the preceding estimate, the weight of 100 cubic 
inches of common air, under the mean pressure of the 
atmosphere, and at the temperature of 5S^<, is estimated 
a^ 31 grains. The quantity of carbon in carbonic acid at 
i of the whole nearly, and the proportion of oxygen to 
hydrogen in water as about 85 to 15. 

From the result of these experiments we perceive that 
tiie carbonated hydrogen gases obtained from various sub- ^ 

stances differ in dieir composition. This hasj^ven rise to I 

the next species of gas. ^^ 
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PART XXII. 



GASEOUS oxyd of carbon was first described by Dr. 
Priestly, who mistook it for a hydro-carbonate. 

WitJfi the true nature of it we have been only lately ac- 
quainted. It was first proved to be a peculiar gas by Mr. 
Cruikshank of Woolwich, who made it known to us, as 
such, in April 1801, through the medium of Nicholson's 
Journal for that month. Several additional properties of 
this gas were soon afterwards noticed by Desormes, Cle- 
ment, and others. Gaseous oxyd of carbon forms an in- 
termediate substance between die pure hydro-carbonates 
and carbonic acid gas ; but not being possessed of acid 
properties, Mr. Cruikshank has called it, conformable to 
the rules of the chemical nomenclature, gaseous oxyd of 
carbon^ for it consists of o^gen and carbon rendered ga- 
seous by caloric* 

Though the gaseous oxyd of carbon has some of the 
properties peculiar to the common hydro-carbonates, the 
following characteristic properties sufficiently prove that 
none of those at present known are similar to it. We are 
therefore entided to consider it as a gas peculiar to itself. 



SECT. I. 

PROPERTIES OF GASEOUS OXYD OF 

CARBQN. 

GASEOUS oxyd of carbon is considerably lighter than 
any of the hydro-carbonates* It is lighter than common 
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air m the proportion of 22 to 23. When mingled with 
common air and ignited, it does not explode, but bums 
with a lambent blue flame, and the product is carbonic 
add* It is very little absorbable by water; it is void of 
taste and odour* A mixture of 20 parts of gaseous oxyd 
of carbon and 8 of oxygen gas, fired over niercury by 
electricity, diminishes to a volume equal to about 18 or 
19 parts, which is carbonic acid gas. It contains neither 
water nor the basis of ^t fluid. It is exceedingly 
noxious; animals die in it instantly; when breathed for a 
few minutes only, it produces giddiness and fainting* 
Neither light, heat, nor electricity have any effect upon 
it. When equal quantities of gaseous oxyd of carbon 
and hydrogen gas ar^ passed through a red hot glass tube, 
the tube is lined with charcoal, water is formed, and an 
excess of hydrogen makes its escape. If a piece of iron 
be put into the tube, it is oxydated, but not converted 
into steel* Neither nitrogen gas nor sulphur have any 
action on it, even at high temperatures. It is capable of 
dissolving a minute quantity of charcoal, and increases in 
bulk. It dissolves phosphorus, and acquires the property 
of burning with a yellow flame. The alkalies have no 
eifect on this gas. It is not allj^red when passed with 
ammonia through an ignited tube. When the red oxyd 
of mercury is heated in it, a commencement of reduction 
takes place. Neither sulphuric, nitric, nor nitro-mu- 
riatic acids alter it, when passed with it through a red 
hot tube. Four parts of oxygenized muriatic acid gas 
left with one of carbonic acid gas decompose it completely. 
Nitrous gas has no ^ifect upoli it. When mixed with 
sulphurated hydrogen gas, and passed through a red hot 
tubey sulphur is deposited, and sulphurated hydrogen gas 
remains mixed with gaseous oxyd of carbon. 



METHODS OF OBTAINING GASEOUS OXYD 

OF CARBON. 

Gaseous oxyd of carbon may be obtained by a decom* 
position of carbonic acid at high temperatures^ by means 
of various fixed substances which have a considerable 
afiinity to oxygen. Ihis may be done by distilling a mix- 
ture of charcoal with any of the metallic oxg^ds, <»* by 
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exposing to a strong red heat a mixture of carbonate of 
lime or barytes, and filings of iron, zinc, &c* 

The method of obtaining the gaseous oxyd of carbon 
in a state of purity, recommended by Mr. Cruikahank, is 
the following : 

1. Tak6 one part of chalky previously exposed to a low 
red heat for about ten minutes* Mix it with an equal 
quantity of perfectly dry filings of zinc ; let the mixture 
be introduced into a vetc^t, and expose it to a heat gra«> 
dually increased* As soon as the retort becomes of a dull 
red heat, gas will be, disengaged in great abundance. 
The gas which oomes over first is carbonic acid gas; but 
as soon as the retort becomes thoroughly ignited, pure 
gaseous oxyd of carbon is liberated in a prodigious quan- 
tity, which may be coUepted' in the usual manner over 
water. 

RATiONAL£....In this process a decomposition of the 
carbonic acid of the chalk takes place in its nascent state* 
The zinc robs the carbonic acid of part of its oxygen at a 
high temperature, and becomes to a certain degree oxy- 
dated. The carbonic acid, by being thus deprived of part 
of its oxygen, becomes converted into a new inflammable 
gas, called gaseous oxyd of carbon* 

Reh ARK....Upon the whole, therefore, we have tp 
consider this gas as holding the same relation to pure 
hydro-carbonates and carbonic acid gas which nitrous gas 
or nitrous oxyd does to pure nitrogen and nitrous acid* 

Tin, and probably various other metals, when mingled 
with charcoal, are capable of producing gaseous oxyd of 
carbon in a similar manner. 

2. Gaseous oxyd of carbon may also be obtained in the 
following manner : 

Take equal quantities of scales of iron^ separated in 
forging (black oxyd of iron) and charcoal powder pre- 
viously heated to redness ; mix Jthem ^together; introduce 
the mixture into a coated glass retort or gun barrel, and ap- 
ply heat gradually ; as soon as the retort becomes of a duU 
red heat, gas is produced in great abundance. It consists 
of about one part of carbonic acid gas and four of gaseous 
oxyd of carbon. In order to separate the carbonic acid gad, 
it must be suffered to stand over lime diffused through wa- 
ter» or agitated with lime water; the carbonic acid gas wiU 
be absorbed, and what remains behind is pure inflammable 

* Usually caUed smithy-slack. 
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' gaseous oxyd of carbon : or this trouble mky be saved, by 
letting the gas, as it is disengaged, pass through lime, 
formed into a very thin paste with water. The carbonic 
acid combines with the lime ; but the gaseous oxyd of car- 
bon passes through it unaltered. 

Ration ALE««..The production of gaseous oxyd of car- 
bon in this manner is in some respects analogous to the 
former. The black oxyd of iron parts with a portion of 
its oxygen* which joins to the carbon to fcMin the gaseous 
oxyd, and another part is liberated in the form of carbonic 
acid gas. The black oxyd of iron therefore re«approaches 
to the metallic state. 

A mixture of charcoal and oxyd of zinc, red oxyd of 
copper^ semi-vitreous oxyd of lead,^ black oxyd of manga« 
nese, and the rest of the metallic oi^ds cap^le of endur- 
ing a red heat, on being treated with charcoal, also yields 
carbonic acid gas and gaseous oxyd of carbon* Those 
oxyds which retain their osygen most obstinately, yield 
most of the latter, and those which part wilb it readily 
afford most carbonic acid gas. The latter comes over 
chiefly at the beginmng, and the former towards the end 
of the process. 

lNP£R£Nc£8....From these various facts there can no 
longer remain any doubt but diat the carbonic acid, under 
certain elevations of temperature, may be decomposed 
by any fixed substance having a considerable aflinity with 
oxygen ; and that, with regard to the metals, those succeed' 
the best which have the greatest attraction for acids or 
oxygen, as is the case with zinc. Upon the whole we 
may conclude, that there are but two distinct combina- 
tions of carbon and oxygen capable of assuming and main- 
taining the form of gas : far idthough the gaseous oxyd of 
carbon may be obtained in a great variety of ways, by 
direct composition, as well as during the decomposition 
pf the carbonic acid ; yet when pure it is exactly the same 
substance, having the same specific gravity, requiring the 
same portion of oxygen to saturate it, and producing the 
same quantity of carbonic acid, as Mr. Cruikshankf has 
sufficiently proved experimentally* 

• Litharge. 

t Nicholsoo*s Journal^ Sept, 1801> p. SflO. 
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One hundred cubic inches of gaseous oxyd of carbon# 
obtained from iron filiilgs and caiHbonate of lime or baiy* 
tes, previously ignited, according to Mr* Cruikshank, 
weigh 30 grains. They require 40 culnc inches (13.6 
grains) of oxygen for saturation, and form 92 cubic inches 
(43.2 grains) of carbonic acid, and no water is produced. 
Hence the 100 cubic inches of gaseous oi^d of carbon 
consists of 21 + oxygen 8.6 carbon. 

One hundred cubic inches of the same gas, obtained 
from charcoal and metallic oxyds, weigh 30 grains : they 
require 44 cubic inches (15 grains) of oxygen for satura- 
tion, and yield /6 cubic inches (35.5 grains) of carbonic 
acid, and afibrd (on account of the hydrogen contained in 
the charcoal) about 8 grains of water. Hence this gas 
consists of about 15 oxygen, 7 carbon, 1 + hydrogen, and 
an uncertain quantity of water. 

REMARK....The quantity of oxygen in the gaseous oxyds 
Mr. Cruikshank estimated thus : in the first instance, 
for example, we find that 30 grains of the oxyd, combined 
with 13.6 grains of oxygen, produced 43.3 grains of car- 
bonic acid. This acid consists of 8.6 grains of carbon 
and 34.6 of oxygen nearly ; but the quantity of oxygen 
employed in the experiment was only 13.6 grains; heiKe 
the difference between 34.6 and 13.6 or 21 grains must 
have been originally contained in the oxyd. It would 
therefore appear that the gaseous oxyds in their purest 
state consist of oxygen and carixm^ in the proportion of 
21 to 9 nearly, combined with caloric. 

Upon the whole we consider, as mentioned before, the 
gaseous oxyd of carbon as holding the same relation to 
diie pure hydro-carbonates and carbonic acid which nitrous 
gas or nitrous oxyd does to pure nitrogen and nitrous 
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S£CT. I. 

Properties of sulphurated hydro^ 

GEN GAS. 

sulphurated hjrdrogen gas possesses the pro* 
perties of an acid ; for^ when absorbed by water, its so- 
lutioii reddens vegetable blues ; it combines also with al- 
kaKes, earths^ and with several metallic okyds* Sulphu- 
rated hydrogen gas possesses an extremely offensive odour, 
resembling Uiat of putrid eggs. It kills animals, said ex- 
tinguishes burning bodies. When mixed with oxygen 
gas, or atmospheric air, it is inflammable. Mingled with 
nitrous gasy it bums with a yellowish green flamic. It is 
decomposed by ammonia, by oxygenized muriatic acid 
gas, and by sulphureous acid gas. It has a strong action 
on the greater number of metallic oxyds« Its specific 
gravity to common air is as 1 106 to 1000. It is compos* 
ed, according to Thenard of 70.85/ sulphur and 29.143 
hydrogen. It has the property of dissolving a small 
quantity of phosphorus.* 

METHODS OF OBTAINING SULPHURATED 

HYDROGEN GAS. 

I 

1. Take dry sulphuret of potash, put it into a tubulated 
retort, lodged in a sand bath, or supported ov^ a lamp ; 

« 

* According to Davy, it centams 6.5 hydrogen and 93«5 sulphur in 
100 ptcrts. 
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direct the neck of the retort under a receiver placed ia 
the pneumatic trough : then pour gradually upon the 
fiulphuret diluted sulphuric or muriatic acid; a violent 
elTervescencc will take place, and sulphurated hydrogen 
gas will be liberated. When no more gas is produced 
spontaneously, urge the mixture with heat by degrees till 
it boils, and gas will again be liberated abundantly. 

The water made use of for receiving it should be heated 
to about 80" or 90" : at this temperature it dissolves little 
of the gas ; whereas, if cotd water be made use of, a vast 
qifantity of it is absorbed. 

Ration ALE....Though sulphur makes no alteration on 
water, which proves that sulphur has leas attraction for 
oxygen than hydrogen has ; yet if sulphur be united to an 
alk^, this combination decomposes water whenever it 
comes in contact with it, though the alkali itself has no 
attraction either for oxygen or hydrogen. 

The formation of this gas explains this truth. On 
adding the sulphuret of potash to the water, this fluid be- 
comes decomposed, part of the sulphur robs it of its oxy- 
gen, and forms with it sulphuric acid ; this generated acid 
unites to part of the alkali, and forms sulphate of potash. 
The liberated hydrogen dissolves another part of the sul- 
phur and forms with it sulphurated hydrogen ; the basis 
of this gas, which is retained by the separated portion of 
the alkali. The sulphuric acid added now extricates it 
&om the alkali) and makes it fly ofi' in the form of gas. 

The mixture in the retort therefore contains an alkaline 
sulphure properly to called, or the simple combination of 
sulphur with alkali ; sulphate of potash, and lastly, sul- 
phurated hydrogen gas dissolved in the alkaline sulphure, 
or an hydrogenated sulphuret. 

best adapted for 
1 gas from alkaline 
ise of, it must he 
itde gas, unless as- 
of sulphur in the 
le dense sulphuric 
1 gas much k>aded 
may be made use 

ed together, they 
hydrogen gas Ott 
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submitting them to the action of heat, in contact with 
water. 

Melt togetheV in a crucible equal parts of iron filings 
and sulphur ; the product is a black britde mass called 
sulphuret of iron. Reduce this to powder, and put it 
with a little water into a tubulated retort \ add diluted 
muriatic acid^ and apply a gentle heat^ till no more gas is 
disengaged. 

RATiONALE....The philosophy of this experiment is 
ansdogous to the former. Part of the oxygen of the water 
unites to part of the sulphur, and forms sulphuric acid ; 
another part oxydates the iron, which dissolved by the acid 
forms sulphate of iron : the hydrogen of the water unites 
to another part of the sulphur^ and forms sulphurated 
hydrogen, which becomes gaseous by the addition\ of 
oaloric. 

3. Sulphurated hydrogen gas may also be obtained by 
heating an alkaline sulphuret, with the addition of water, 
without the affusion of an acid. 

RATiONAL£....In this case the water is also decompos- 
ed; its hydrogen unites with part of the sulphur, and forms 
sulphurated hydrogen ; the oxygen of the water unites 
with another part of the sulphur and produces sulphuric 
acid, which joins to the alkali, and forms a sulphate. The 
sulphurated hydrogen becomes disengaged by heat in the 
gaseous form. 

4. Sulphurated hydrogen gas may be obtained by pass- 
ing hydrogen gas through sulphur in a state of fusion. 

For this purpose put sulphur into a gun-barrel, or 
Wedgwood's tube, and place it across a furnace j fit to the* 
lower extremity a bent glass tube, which goes under a re- 
ceiver placed in the pneumatic trough, and adapt to the 
upper extremity a tubulated retort, or other apparatus 
proper for producing hydrogen gas. The sulphur must 
theti be heated, and when melted, and the hydrogen gas 
evolved, must be made to pass over it ; which in this 
manner will dissolve part of the sulphur, and become con* 
verted into sulphurated hydrogen gas. 

5. It may likewise be procured in a direct manner: for 
that purpose let a small quantity of sulphur be inclosed 
in a jar full of hydrogen gas, and melt it by menns of a 
burning glass. 

VOL. I, 38 
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REMARK....This method does not succeed except the 
hydrogen gas be as dry as possible ; for its affinity to sul- 
phur is weakened in proportion to its moisture.* 

SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPERr 
TIES OF SULPHURATED HYDROGEN GAS. 

Experiment L 
Sulphurated hydrogen gas is absorbed by water. 

Fill a bottle with sulphurated hydrogen gas, and keep 
it inverted in a basin of cold water : an absorption will 
take place, which may be accelerated by agitation. The 
water which has absorbed a quantity has the fetid odour 
of the gas. It is not decomposed by exposure to the air ; 
but the gas is gradually separated and carried off without 
decomposition. Water impregnated with sulphurated 
hydrogen gas slightly reddens blue vegetable colours. 

Remark.... It is this gas which gives to the mineral 
waters of Harrowgate and Aix-la-Chapelle their peculiar 
smell. Such waters may therefore be artificially imitated 
by impregnating pure water with this gas, and adding the 
other constituent pai*ts to it. Water absorbs its bulk of 
this gas. 

Experiment II. 

Sulphurated hydrogen gas is injlammable in eontact with 

oxygen gas. 

Mix equal parts of sulphurated hydrogen gas and oxy- 
gen gas over water, and apply a lighted taper ; a smart 
detonation will take place, and both gases will disap- 
pear. ; 

Rationale.... Part of the oxygen unites to thehydror 
gen of the sulphurated hydrogen gas ; another part joins 
to the sulphur suspended in this gas : hence the products 
after combustion are sulphureous acid and waten 

• This gas is produced when metals ai'e m^te4 with sulphur, as is 
said, T. C. \ 

i 
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# Experiment , III. * 

Sulphurated hydrogen gas mingkd with nitrous gas bums 

with a yellowish green Jlame. 

If three parts of sulphurated hydrogen gas be mixed 
with two of nitrous gas, the mixture may be inflamed^ and 
bums with a yellowish green fiaine ; the vessel becomes 
lined with a cpat of sulphur. 

RATioNALE....The explanation of these phenomena are 
analogous to the rationale of the next experiment. 

Experiment IV. 

Sulphurated hydrogen gas is decomposed by atmospheric 

air* 

Introduce into a bell glas^, half filled with sulphurated 
hydrogen gas, an equal quantity of atmospheric air ; a di« 
minution will take place, sulphur will be precipitated, and 
nitrogen be left behind. 

RATiONAL£..«.The oxygen of the atmospheric air has 
a greater aflbiity for hydrogen than the sulphur of the sul* 
phurated hydrogen gas has; they therefore unite and 
form water, and the sulphur becomes deposited. 

R£MARK....On this principle it is that sirater holding 
sulphurated hydrogen gas in solution lets fall sulphur on 
exposure to the open air; and hence arises the sulphur 
seen deposited in the channels^ and in the neighbourhood 
of sulphurated, or, as they are commonly called, hepatic 
waters. 

Experiment V. 

Sulphurated hydrogen gas becomes quickly absorbed by 

alkaline solutions. 

This may be proved by filling a tube with the gas, and 
inverting it in a basin containing some concentrated so-^ 
lution of potaish. The gas will be absorbed, and the 
potash wUl acquire colour, odour, and other peculiar 
properties. 
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^ This combination is called hydrV'Sulpkuret oj* potash ^ 
it is a true saline compound. * 

R£MARK....Hitherto only the alkalies and some of the 
earths have been combined with sulphurated hydrogen 
gas. These compounds are colourless while kept in close 
.vessels, but when exposed to air they soon acquire colour. 
This change is produced by the decomposition of part of ' 
the sulphurated hydrogen gas by the air. The hydrogen 
combines with the oxygen of the air, and forms water ; 
while the sulphur is disengaged, and thus darkens the 
colout. 

The sulphurated hydrogen gas may again be expelle4 
from these combinations in the same ratio it had been 
absorbed, by the addition of an acid. It may also be dis- 
engaged by heat. 

Experiment VI. 

Sulphurated hydrogen gas and sulphureous acid gas 

decompose each other* 

When sulphurated hydrogen gas and sulphm-eous acid 
gas are mingled together over mercury, the volume of the 
gases becomes diminished, and sulphur is deposited on 
the sides of the vessel in a considerable quanti^. 

When these g^ses are dissolved in water, they inutually 
undergo the same decomposition. If suitable quantities 
are taken, the* odour of both fluids disappears instandy. 

RATiONALE....The hydrogen of the sulphurated hydro- 
gen gas has a greater affinity for the oxygen of the sulphu*- 
reous acid gas than the sulphur has ; they therefore unite 
and form water, and the sulphur of both is deposited. 

R£MARK....If concentrated nitrous acid be poured co- 
piously into water holding sulphurated hydrogen gas in 
solution, sulphur is likewise deposited. Hence nitrous 
acid is used as a test to detect the presence of sulphurat- 
ed hydrogen gas in hepatised waters. 

Experiment VII. 

Combination of sulphurated hydrogen gas and ammonia* 

FiH a glass jar with fresh prepared sulphurated hydrogen 
gas, confined over mercury, and add to it gradually am- ' 
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mbnia^al gas : k den^ Mrhite vapoui* will miitkhtly appear; 
both gases will VdAish ; ^d k Mrhitt s$Aihb ^compound trill 

be formed, being fiydrogenated st^^uret of ammonia* 

.-'■*■;■:■ 

Oxygenized muriatic acid gas^ and sulphurated hydrogen 
^ gas likewise decompose each other. 

Fill a cylindrical ves«el over water with oxygenized 
muriatic acid gas, keep it over that fluid, and mingle it 
with sulphurated hydrogen gas ; at the instant the gases 
come In contact with each other their bulk will be dimi^ 
nished, and the vessel become lined with sulphur. 

RATiONArE«..The oxygen of the oxygenized muriatic 
acid gas unites. partly to the sulphurated hydrogen, and 
partly to the sulphur dissolved in that gas ; hence water 
and sulphuric acid are formed : the oxygenized muriatic 
acid gas being robbed of its oxygen becomes converted 
into simple muriatic acid, and the sulphur which escaped 
the action of the oxygen is precipitated. 

Experiment IX. 

. - 

Decomposition of sulphurated hydrogen gas by the electric 

spark. 

Fill a detonating tube over water with sulphurated 
hydrogen gas, and pass the dectric spark through it ; the 
volume of the gas will become diminished, and sulphur 
be precipitated. 

Experiment X. 

Sulphurated hydrogen, gas acts strongly on the greater 

number of m£tallic oxyds. 

Dip a slip of paper into a solution of silver, lead, bis- 
muth, mercury, tin, &c. and expose it to the action of ' 
sulphurated hydrogen gas, the paper will instantly become 
blackened. Writings performed with these solution^ are 
invisible when dry, but become visible when immersed in 
a bottle filled with this gas. 
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m 

Rationale*...!!! this instance the hydrogen of the 
gas abstracts the oxygen from these bodies, and causes 
them to re-approach to the metallic state ; at the ^ame 
time, the sulphur contained in the gas combines with 
die metal thus regenerated, and converts it into a sul* 
phuret. (See Appendix No* 25*) 
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SECT. I. 

WE are indebted to M • Gengembre for the discoveiy 
•f this gas, which differs from the hydro-carbonates in 
nothing but the nature of the combustible substance sus* 
pended in the hydrogen gas. 

Phosphorated hydrogen gas consists of phosphorus dis* 
solved in hydrogen gas. 

PROPERTIES OF PHOSPHORATED HYDRO- 

GEN GAS. 

" Phosphorated hydrogen gas is the most combustible* 
substance in nature. It is particularly distinguished from 
all other gases, by the property of taking fire immediately 
when brought in contact with atmospheric air. When 
mixed with oxygen gas^ or with oxygenated muriatic acid 
gas, it bums with great vehemence. When bubbles of 
it are suffered to pass through water, they explode in 
succession as they reach the surface of this fluid* It has 
an insupportable odour, similar to that of putrid fish. It is 
pard^ absorbable by distilled water freed from atmos- 
pheric air at low temperatures. Distilled water absorbs 
about one-fourth, and gives it out again without alteration 
by heat. Water contaibing atmospheric air decomposes 
it, when suffered to stand with it for sonie time. When 
exposed to vivid light, it deposits phosphorus in a crys- 
talline form. 

* Quere* if it be 80 much ao as equal parts of sulpliur and pbospho- 
nw. T. C. 
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METHODS OF OBTAINING PHOSPHORAT- 
ED HYDROGEN GAS. 

1. Take a small retort, put into it one part of phospho- 
rus and ten of a concentrated solution vof potash or soda ; 
make ^e milcture boil, and receive the liberated gas over 
mercury ; or, if it be intended for immediate use, it may 
be collected over water. 

RATioimL£..«.In this experiment a decomposition of 
the water takes place. Its ox)'gen unites to part of the 
phosphorus, and forms phoaphoric acid, which joins to 
the potash; and fbrms phosphate of potash. The liberated 
hydrogen dissolves another part of the phosphorus^ and 
becomes converted into phosphorated hydrogen gas. 

R£MA]tK....In thus preparing* this gas, the body of the 
retort should be filled as nearly as possible with the mix- \ 

tare ; otherwise the first portion of gas which is produced < * 

inflames in the retort ; a vacuum is formed ; and the 
water forced up into the retort, and endmigers the burst- 
ing of it.* 

2. Phosphorated hydrogen gas is also obtained, if by 
a direct exposure to a strong heat we effect a combina- 
tion of {^sphorus and lime, and then throw this com- 
pound into water ; a g^eat quantity of phosphorated hy- 
drogen gas will soon be formed, and may be obtained in 
the usual manner over water or mercury. 

HATiONALE..*.The production of phosphorated hydro- 
gen gas in' this manner is analogous to the first, with the 
only difference that here the decomposition of the water 
takes place at common temperatures. 

3. Phosphorated hydrogen gas may also be obtained, 
according to Davy,f in the following manner : 

Let water be decomposed in the usual manner, by 
means offline and sulphuric acid, and add to the mixture 
a quantity of phosphorus. The hydrogen evolved wiH 
dissolve part of the phosphorus ; phosphorated hydrogen 
gas will be produced, and take fire at the surface of the 
fluid, so long as the decomposition of the water is made, 
with considerable rapidity. Butthbgas produced in this 

* Tills may be prevented by remoying the beak of the retort wbeo 
the water ascends : or by burnbig away the oxygen of the air of the re- 
tort with ^ios|^m& : w by filling the retoi't with hydi-ogen gas. T. G. 

t Nicholson's Journal, April 1802. 
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process bums with a more lambent flame than that ob* 
tained in the usual manner, probably on account of con* 
taining a larger quantity of hydrogen. The experiment i» 
nevertheless brilliant ; for thp gas is disengaged in small 
bubbles, which co^er the whole surface of the fluid ; they 
disengage themselves rapidly, new ones are produced^ and 
the wliole fluid resembles a well of fire. 

Remark.... For the success of this experiment, it is es* « 

sential that the water, during the action of Jjls decompo* 
sition, be considerably heated, which may {Reflected by 
a copious addition of sulphuric acid, and that the phospho- 
rus be present in a considerable quantity. Haifa part of 
phosphorus cut into small pieces, pne of granulated zinc, 
three of concentrated sulphuric acid, and five of water^ 
answer this purpose exceedingly well. 

Phosphorated hydrogen gas is also produced by nature* 
• The air which bums at the surfa(;e of certain ^rJngs, and * 
forms what is called burning springs and the ignis fatui 
(Jack o'lanterns) which glide along burying-groundsy or 
places where animal matters are putrifying, consist of 
hydrogen gas, holding phosphorus in solution.* 

SECT. IL 

EXPERIMENTAL PROOFS OF THE PROPERTIES 

OF PHOSPHORATED HYDROGEN GAS.  | 

Experiment I. 

Phosphorated hydrogen gas takes fire on coming into con'- 

tact with atmospheric air. 

This may be evinced by charging a small retort with v| 

potash, phosphorus, and water, in the manner mentioned' ^ 

before, applying heat and dipping the mouth of the retort 
into a basin of water. The bubbles of air which come 
from the retort and pass through the water will burst with 
a slight explosion, and produce flashes of fire in the cir- 
cumambient air ; a circular dense white smoke rises hori- 
zontally like a ring, enlarging itself continually, and form- 
ing a sort of corona extremely beautiful if the air be per- 
fectly traiaquiU 

• Another method of procuring' this gas is, put to ten parts of water, 
one of phosphorus in small pieces : then two parts of granulated zinc ; 
then add six parts of oil of vitriol of commerce. T. <». 

VOL. I. 39 
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The finest effect is produced when the flashes of gas 
succeed each other but slowly* 

HATioNALE....We have noticed before that phospho- 
rated hydrogen gas is nothing but hydrogen gas holding 
phosphorus in solution. When this gaseous fluid is pre- 
sented to the atmospheric air or oxygen gas, the minutdy- 
, divided phosphorus rapidly attracts oxygen and kindles, 
setting fire at the same time to the hydrogen gas in con- 
tact with ^^piospheric air» and hence phosphoric acid 
and water are formed. 

The circular crown of white smoke which rises after 
the explosion of the gas, originates from the coat of water I 

which enveloped the bubble of the gas ; this water, toge- 
ther with wluit is formed during the explosion, is sud- 
denly converted into vapour, it unites to the phosphoric 
acid produced, and thus constitutes the circular crown of 
smoke which rises like a- ring. 

If a wide mouthed phial be filled with phosphorated 
hydrogen gas and left in that situation over mercury, die 
gas will take fire when suffered to escape into the^ air by 
inclining the phiaL 

R£MARK....This last is a hazardous experiment : the 
phial is often burst to pieces ; it is therefore necessary 
to surround it with a cloth, in order to avoid dangerous 
f 9 events. An elastic gum botde may be used for this pur- 'j 

pose with safety.* 

Experiment II. 

Accension of phosphorated hydrogen gas by means of 

oxygen gas* 

Fill a receiver with oxygen gas, and convey into it a 
few bubbles of phosphorated hydrogen gas. At the in- 
stant of the union of the gases, a brilliant flash of fire takes 
place, accompanied with a report. ' 

The rationale of this experiment is analogous to the 
former. 

Remark*... Great caution is necessary |n performing 
this experiment. The dilatation of the gases which takes 
place during the explosion is so great that the vessel is 
apt to be blown to pieces. Not more than a single small 
bubble of the phosphorated hydrogen gas should be con- 

* Invert a tin case ovex* the phial before you let out the gas. T. C. 
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veyed into the oxygen gas at once, except the receiver be 
made of very thick glass. 

Experiment III. 

Accenaion of phosphorated hydrogen gas^ by means of 
oxygenized muriatic acid gas* 

If fresh-prepared phosphorated hydrogen gas and oxy- 
genized muriatic acid gas are mingled together over mer- 
cury, a considerable detonation takes place, accompanied 
with a lambent green flame and dense white vapour* 
, R ATiONAL£.««. All that happened in the last experiments 
takes place in this instance. The oxygenized muriatic acid 
is robbed of its oxygen, and becomes converted into sim- 
ple muriatic acid gas ; and water and phosphoric acid are 
produced. The evolved heat inflames the phosphorus 
which was dissolved in the gas. 

Remark.... For the success of this experiment it is es- 
sential that both gases are fresh prepared. The receiver 
in which the mixture is made should be very strongs in 
order to guard against accidents^ and the gas introduced 
gradually by a bubble at a time. 

Experiment IV. 

Phosphorated hydrogen gas bums with a green light in 

nascent oxygenized muriatic acid gas^ under 

the surface of water. 

Put into an ale-glass, or Florence flask, one part of 
phosphuret of lime, broken into pieces of the size of a pea 
(riot in small fragments or in powder) and add to it half 
a part of oxygenated muriate of potash. Fill the vessel 
with water, and brmg carefully into contact with the ma- 
terials at the bottom of the fluid three or four parts of con- 
centrated sulphuric acid. This may be most conveniently 
done, by letting the acid fall through a long-necked fun- 
nel, reaching to the bottom of the vessel, or by causing it 
to pass down the sides of it. As soon as the decomposi- 
tion of the water and that of tHe oxygenated muriate takes 
place, fliashes of fire dart from the surface of the fluid, 
and the phosphuret illuminates the bottom of the vessel 
with a beautiful green light. 
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Experiment V. 

A riband or piece of silky impregnated with a solution of 

muriate of gold^ may be gilt by the action of 

phosphorated hydrogen gaSf 

Take a silk riband, wet it thoroughly with a solutioa 
of muriate of golc}, and expose it over mercury to the ac- 
tion of phosphorated hydrogen gas for a few days ; the 
riband in this situation will become covered with gold. 
The gilding is so permanent that it will bear washing. 

Rationale.. .The hydrogen of the phosphorated hy- 
drogen gas unites to part of the oxyd of gold dissolved in 
the acid^and forms water. The phosphorus thus sepa- 
rated unites to another part of the oxygen, and produces 
phosphoric acid. The gold therefore on losing its oxy- 
gen totally becomes reduced to the metallic state, and at- 
taches itself by ^virtue of a strong molecular attraction to 
the riband. 

ft£MARK4...0ne part of the crystallized muriate of gold 
dissolved in eighteen parts of distilled water, seems to 
answer this purpose extremely well. 

If the gilding be repeated a second, or even a third 
time, its lustre becomes extremely beautiful.* 

« 

Experiment VI, 

Phosphorated hydrogen gas and sulphureous acid gas 

decompose each other* 

Let phosphorated hydrogen gas and sulphureous acid 
gas, both obtained over mercury, be mingled together, the 
two gases will lose their elasticity ; plates of yellow mat- 
ter are deposited on the sides of the vessel, which take fire 
on hot iron, first in the manner of phosphorus, and after- 
wards with the characters of sulphur. 

RATioNAL£....It follows from this experiment that the 
hydrogen is the only substance which combines with the 
oxygen in these circumstances, since the gases lose their 
fluidity and deposit respectively the sulphur and phospho- 
rus contained in them. 

* Mn, Falhame invented this experiment. T. C. 
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Phosphorated hydrogen gas is decomposed by vivid light* 

Though phosphorated hydrogen gas may be kept over 
mercury in the dark for any length of time unaltered, this 
is not the case if the gas be exposed to light. If a bottle 
filled with this gas be painted partly black, or surrounded 
with black paper, and then exposed to the light of the sun, 
the union of die phosphorus and hydrogen will be broken, 
and the phosphorus will be found crystallized at those 
parts through which the rays of light were suffered to 
pass, and the hydrogen gas will be left behind. 
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PART XXV. 



SECT, h 



THE name of nitrous gas is given to an aeriform fluid, 
consisting of a certain quantity of nitrogen gas and oxy- 
gen t first described by Priestley, but in some measure 
Inown before to Hales. 



PROPERTIES OF NITROUS GAS. 

Nitrous gas is an elastic colourless fluid, having no 
sensible taste : it is neither acid nor alkaline ; it is ex- 
ceedingly hurtful to animals, producing instant suffoca- 
tion whenever they attempt to breathe it. The greater 
number of combustible bodies refuse to bum in it. It 
is nevertheless capable of supporting the Combustion of 
some of these bodies. Phosphorus bums in nitrous gas 
when introduced into it in a state of inflammation ; 
pyrophorus takes fire in it spontaneously. 

It is not decomposable by water ; though 100 cubic 
inches of this fluid, when freed from air, absorb about 
11.8 cubic inches of gas. This solution is void of taste ; 
it does not redden blue vegetable colours ; the gas is 
expelled again when the water is made to boil or suf- 
fered to freeze. It has no action on nitrogen gas even 
when assisted by heat. It is decomposed by several me- 
tals at high temperatures. 
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Its specific gravity, when perfectly pure, is to that of 
atmospheric air as 1.093 to !• 

Ardent spirit, saccharine matters, hydro-carbonates^ sul- 
phureous acid, and phosphorus^ have no action on it. It b 
not sensibly chang^ by the action of light. Heat dilates 
it. It rapidly combines with oxygen gas at common tem- 
peratures, and converts it into nitrous acid. Atmospheric . 
air produces the same effect, but with less intensity. It is 
absorbable by green sulphate, muriate, and nitrate of iron, 
and decomposable by alkaline, terrene, and metallic sul- 
phurets, and other bodies th^t have a strong affinity for 
oxygen ; but is not capable of combining with them che- 
mically, so as to form saline compounds. From the 
greatest number of bodies which absorb it, it may be again 
expelled by the application of heat. 

It commimicates to flame a greenish colour before ex-  
tinguishing it ; when mixed with hydrogen gas it acquires 
the property of burning with a green flame. It is absor- 
bable by nitric acid, and renders it fuming.. 

When exposed to the action of caloric in an ignited por- 
celain tube, it experiences no alteration ; but when electric 
sparks are made to pass through it, it is decomposed and 
converted into nitrous add and nitrogen gas. Phosphorus 
does not shine in it. It is composed of 56 parts of oxygen^ 
and 44 nitrogen. 

METHODS OF OBTAINING NITROUS GAS. 

1. Put into a small proof or retort some copper wire, 
or pieces of the same metal, and pour on it nitric acid of 
commerce diluted with water ; an effervescence takes place 
and nitrous gas will be produced. After having suffered 
the gas to escape for a few minutes on account of the 
atbiospheric air contained in the retort^ collect the gas in 
the water apparatus as usua^. In order to obtain the gas 
in a pure state, it must then be shook for some time in 
contact with water. 

Rationale.... We have seen before that water was 
deconaposed on bringing in contact with it a metal 
and an acid ; but here d^e case is different ; the water 
in this instance suffers no alteration, on the contrary, 
the acid undergoes a partial decomposition; the metal 
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robs the nitric acid of the greatest part of its oxygen, and 
becomes oxydated ; the remainder of the acid having lost 
so much of its oxygen, becomes thereby so altered, that 
at the usual temperature it can exist no longer in the liquid 
state, but instantly expands, and assumes the form of gas ; 
ceasing at the same time to act as an acid, and exhibiting 
diflFerent properties. 

Instead of presenting copper to nitric acid, iron, zinc, 
mercury, or silver, may be made use of. The metals best 
suited for the production of nitrous gas are silver, mercury, 
and copper. 

2. Nitrous gas may likewise be obtained by synthesis* 
This method of obtaining it we owe to Dr. Milner of 
Cambridge. 

In the middle of an earthen tube about 20 inches long, 
and f wide, open at both ends, put as much coarsely-pow- 
dered manganese as is sufficient nearly to fill it. Let this 
tube traverse the universal furnace. To one end of the 
tube lute a retort containing water strongly impregnated > 
with ammonia, and to the other adapt a bent glass tube 
which passes into the pneumatic trough. Let a fire be 
kindled in the furnace, and when the manganese may be 
supposed to be red-hot apply a gentle heat to the retort, 
and drive over it the vapour of the ammonia ; the conse- ] 

quence will be that nitrous gas will be delivered at one 
end of the. tube, at the time that the ammonia enters the 
other end ; and this effect does ntst take place without the 
presence of the alkali. 

Rationale.... Ammonia consists of hydrogen and ni- 
trogen : its hydrogen combines with the oxygen which is 
given out by the ignited manganese, and forms water; 
its nitrogen unites at the same time to another portion of 
the oxygen, and constitutes the nitrous gas. 

Remark.. ..There is a cause of deception in this ex- 
periment, against which thtf operator ought to be on 
his guard, lest he should conclude no nitrous gas is 
formed, when in reality there is a considerable quantity. 
The ammonia, notwithstanding every precaution, will 
frequently pass over undecomposed. If the receiver 
in the pneumatic trough is filled with water, great 
part of this will indeed be presently absorbed, but 
still some portion of it will mix with the nitrous gas 
^rmed in Uie process. Upon admitting the atmospheric 
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air, the nitrous gas will become decomposed, and the 
red nitrous fumes instandy unite with the alkali. The 
receiver is presently filled with white clouds of nitrate of 
ammonia ; and in this manner a wrong conclusion may 
easily be drawn from the want of the orange colour of 
the nitrous fumes. A considerable quantity of nitrous 
gas may have been formed* and yet no orange colour ap- 
pear, owing to this circumstance ; and therefore it is easy 
to understand how a small quantity of nitrous gas may be 
most effectually disguised by the same cause* 

Dr. Milner* also obtained nitrous gas, by passing am- 
moniacal gas over sulphate of iron deprived of its water 
of crystallization*! 

SECT. 0. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF NITROUS GAS. 

Experiment L 

Nitrons gas decomposes atmospheric air* 

It was mentioned before that nitrous gas greedily at*- 
tracts oxygen of the atmospheric air. We shall demon* 
atrate this fact, and show at the same time that during 
this union an acid is produced. 

Pass up into a cylindrical glass vessel, over^water, about 
one measure of nitrous gas and two of common air ; the 
two fluids will speedily unite, red fumes will be produced, 
and the volume of the two combined gases will be dimi- 
nished* A considerable degree of heat will be perceived, 
the water will rise in the cylinder and absorb the red va- 
pours. When the two gases have been mixed in due 
proportion, nothing remains at last but the nitrogen ga» 
of the atmospheric air. Usually 16 measures of common 
air are requisite to destroy completely 7^ measures of ni- 
trous gas, this however varies according to the purity of 
the airs. 

RATiONALE....The nitrous gas in this experiment de- 
composes the atmospheric air ; it takes the oxygen from 
the nitrogen gas, unites with it, and forms nitrous acid ; 

• PhU. Trans. LXXIX. p. 300. 

f When this gas is kept in a phial well corked, with a little water ja 
it, nitrate of ammonia is formed by decomposition ol the wat«r. T. G. 
VOL. I. 40 
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the nitrogen is therefore left behind ; the heat which is 
generated is the caloric which kept the gases in solution^ 
which now becomes liberated. 

If instead of atmospheric air oxygen gas be substituted, 
this phenomenon will be still more striking. If a pint of 
pure oxygen gas be mixed with two of nitrous gas, the 
redness will be much greater, and the volume of the gases 
almost entirely disappear. 

REMARK.'...Upon the property which nitrous gas has 
of absorbing the oxygen of the atmosphere, Priestley and 
Fontana founded the construction of their eudiometers 
already mentioned. 

Experiment II. 

Proofs that an acid is produced during the mixture of ni- 
trous gas and atmospheric air or oocygen gas. 

Paste a slip of litmus paper within a glass jar, near the 
bottom, and into the jar, iilled with and inverted in water, 
pass as much nitrous gas, previously well washed, as will 
displace the fluid below the level of the paper ; the blue 
colour of the paper will remain unaltered, but on send- 
ing up atmospheric air, or oxygen gas, it will immediately 
change its blue colour to red. A sure proof that an acid 
has been formed. ^ 

That it is nitrous acid which is produced by the union 
of nitrous gas, and oxygen gas may be evinced in the fol- 
lowing 

Experiment III. 

Into a jar filled with and inverted over mercury put a 
small quantity of solution of pure potash, and afterwards 
measures of oxygen and nitrous gases separately and in 
proper proportion as long as an absorption takes place. 
On removing the solution from the jar and evaporating it 
in a glass basin, crystals of salt will be formed, which 
exhibit all the properties of nitrate of potash. 

Experiment IV. 

Nitrous gas is absorbed by nitric acid, to which it gives 

new characters. 

Let nitrous gas pass as it is liberated from the materials 



^^ 



mmmmt^mmmmmam^'mi^mmmv^ 



Proofs of the Properties of Nitrous Gas. Zt9 

l^hich afford it into a bottle containing colourless nitric 
acid ; the acid will first become yellow, then green, next 
orange coloured, and at last dark olive coloured and 
fuming. 

RATioNALE««..The change of colour depends on the 
absorption of different quantities of nitrogen gas. Priest- 
ley found that 100 parts of nitric acid of a moderate 
strength absorbed in two days 90.29 of nitrous gas. He 
informs us that when about seven parts were absorbed, 
the dcid assumed an orange colour ; when eighteen parts 
were absorbed, a green colour ; and that when the 90.29 
were combined it became red and fuming. 

R£MARK....If the olive coloured acid be diluted with 
water, it becomes blue ; the orange coloured when united 
with water becomes emerald green ; and a large quantity 
of water renders either of them colourless. 



Experiment V. 

Nitrous gas which has been absorbed by nitric acid may 
be expelled again from this fluid. 

This may be shown by gently heating the acid coloured 
in the before-going experiment till it becomes limpid. 
In this experiment light should be excluded. 

RATiONALE....The nitrous gas absorbed by the acid 
has a greater affinity for caloric than the nitric acid has ; 
this property therefore is here employed for disengaging 
the nitrous gas which rendered the acid fuming* 

Experiment VI. 

Nitrous gas tinges the fame of burning bodies green. 

Fill a wide mouthed botde with a inixture of one part 
of nitrous gas, ajad four of hydrogen gas ; set fire to it 
with a lighted taper, and the mixture will bum with a 
green' flame. 

If a lighted taper be immersed in nitrous gas, it 
exhibits a green flame before Ae taper becomes extin- 
guished. 
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Experiment VII. 

Nltrotisgas is tttififfor maintaining the combustion of the 
greater number of burning bodies. 

Fill a receiver with nitrous gas, and let down into it a 
burning taper ; the taper will instantly be extinguished : 
the same thing will happen to ardent spirit, oils, &c. 
though burning with a vivid flame. 

, That nitrous gas however is capable of supporting the 
combustion of other bodies will be obvious from the fol- 
lowing experiments : 

Experiment VIII. • 

Accension of pyrophorus in nitrous gas. 

Place some new made pyrophorus in a copper spoon, 
and introduce it into a receiver filled with nitrous gas ; 
the pyrophorus will instantly take fire, and the volume of 
the gas will become diminished* 

RATiONALE.—The pyrophorus effects a real analysis 
of the gas, it subtracts its oxygen, and leaves its nitrogen 
behind : hence if the remaining air be , examined it will 
be found that it renders lime or barj^tic water turbid, and 
that it undergoes no further diminution when mingled 
with oxygen gas ; it is therefore a mixture of carbonic 
acid and nitrogen gas. 

Experiment. IX. 

Nitrous gas maintains the combustion of phosphor%ts when 
introduced in a state ofactiml infammation. 

• 

Though phosphorus may be fused and even sublimed 
in nitrous gas without producing the slightest luminous 
appearance, if the gas be perfectly pure ; yet if a bit of 
phosphorus be placed in a copper ladle, then inflamed 
and introduced into the gas when ia a state of actual in- 
flammation, it bums with almost as much brilliancy as in 
oxygen gas. 
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RATiONALE....The rationale of this experiment proves 
that at the heat of ignition, phosphorus is capable of dis- 
turbing the equilibrium of the affinity subsisting between 
oxygen and nitrogen in nitrous gas, on which account it 
attracts the former from the nitrous gas, and leaves the 
latter behind* 

Experiment X. 

Nitrous gas mfiames charcoal -when introduced in a state 

of ignition. 

• 

If a piece of charcoal thoroughly ignited be introduced 
into nitrous gas there will also be a vivid inflammation ; 
this experiment may likewise be performed by setting fire 
to the charcoal confined in nitrous gas by means of a 
burning lens. 

RATiONAL£...«The charcoal at th^ temperature of ig- 
. nition decomposes the nitrous gas by subtracting its oxy- 
gen ; hence carbonic acid is formea, which may be evin- 
ced by admitting to the residuary gas a solution of bary- 
tas, strontia, or lime in water. 

Experiment XI. 

Nitrous gas is absorbed by green muriate^ sulphate^ and 

nitrate of iron. 

A very concentrated solution of pure green muriate of 
iron (prepared by dissolving iron filings perfectly free 
from rust in muriatic acid, evaporating the solution brisk- 
ly; and preserving it from the contact of atmospheric air) 
is extremely well calculated to ascertain the quantity of 
nitrogen gas contained in a given quantity of nitrous gas 
in an easy manner. 

To prove the absorption of nitrous gas by this means, 
it is only necessary to agitate in a graduated tube a quan- 
tity of the gas in contact with the solution; the green so- 
lution of iron will soon assume a brown colour, the gas 
will be diminished, and the solution ascend into the tube. 

A solution of pure green sulphate of iron (prepared by 
dissolving clean iron filings in «ulphuric acid, and then 
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agitating the solution in contact with sulphurated hydre- 
gen gas) answers the same purpose* Pale green nitrate 
of iron may hkewise be used with advantage. 

RATiONAL£.M*The absorption of the nitrous gas, by 
means of these solutions, takes place without any decom- 
position of it at common temperatures. It depends mere- 
ly on an equilibrium of affinity produced by the following 
simple attractions* 

1 . That of green oxyd of iron for the oxygen of nitrous 
gas and water. 

2. That of the hydrogen of the water for the nitrogen 
of the nitrous gas ; and, 

3* 'I'hat of the principles of the sulphuric acid for ni- 
trogen and hydrogen. ^ ' 

Rem ARK....That this is the true cause of the absorption 
professor Davy has sufficiently proved in hiis Researchesi 
p. 1 76. Vauquelin and Humbolt have been mistaken with 
regard to its natufe ;* the products they obtained must 
have arisen from the ^posure of their impregnated solu- 
tions to the atmosphere. 

The absorption of nitrous gas by means of diese solu- 
tions of iron is proportionable to^e degree of the ccaicen- 
tration of the solution. 

Seventy-five cubic inches of concentrated solution of 
muriate of iron absorb about 18 of nitrous gas. Sulphate 
of iron absorbs oidy one half of this quantity 5 the gas 
absorbed may be expelled again by heat. 

Nitrous gas (according to A^avy) is also absorbed by 
means of white prussiate of iron, m contact with water ; 
by sulphate of tin ; sulphate and murijite of zinc at the 
minimum of oxydation ; and probably by many other me- 
tallic solutions hitherto not tried. 

In fact, whenever the metals capaUe of decomposing 
water exists in solution at th^it'tnmhmim of oxydation^ the 
affinities exerted by them on nitrous gas and water will 
be such as to produce combinations ; the powers of metal- 
lic solutions to combine with nitrous gas at common tem- 
peratures, as well as to decompose it at higher tempera- 
tures, Davy supposes to be probably in ^e ratio of the 
affinity of dte metallic oxyds they contain for oxygen. 

* Annales de Chimie, torn. 88j p. 187. 
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Experiment XIL 

Decomposition of nitrous gas by nascent hydrogen gas* 

When nitrous gas is exposed to wetted iron filings, a 
diminution of its volume slowly takes place ; the iron be« 
cpmes oxydated, and ammonia is formed. 

For performing this experiment, wetted iron filings 
may be exposed on a shallow dish or plate suii^rted by a 
stand to the action of the gas contained in a broad receiv* 
er ; the vessel containing the iron filings may next be 
removed by withdrawing it through the water, and the 
remaining gas may be made the subject of experiment* 

This decomposition of nitrous gas is more quickly ef- 
fected by putting plates of iron into a solution of nitrate 
of copper* 

RATiONAL£«««*The water in contact with the iron is 
decomposed by virtue of the affinity subsisting between 
its oxygen and the iron. Its hydrogen, with a portion of 
oxygen, at the same time attracts the nitrogen of the ni- 
trous gas^and produces water, ammonia, and nitrous oxyd« 

R£MARK*«*«That the iron is not oxydated in this process 
at the expence of the oxygen of the nitrous gas becomes 
obvious, when we consider that water is essentially ne- 
cessary to produce the decomposition ; for dry iron 
.filings effect no change whatever in nitrous gas at the usual 
temperatures* 

Alkaline sulphurets moistened with water, put into a 
vessel filled with nitrous ga^, decompose it in a thort 
time ; the remaining gas is no longer reddened by the 
contact of air, the greatest part is nitrous oxyd* 

Experiment XIIL 

Nitrous gas is decomposed by exposure to zinc and water* 

When nitrous gas is exposed to a large surface of zinc 
in contact with water, it will be slowly converted into 
nitrous oxyd ; at the same time that ammonia is genera- 
ted and white oxyd of zinc is formed, if the process is suf- 
fered to go on for a considerable time. 
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Ration ALE.. ..These phenomena depend, like the for- 
r, upon the decomposition of water by the affinities of 
t of the oxygen and nitrous gas, for its hydrogen to 
m ammonia and water. 

JlEMAHK....Zinc placed in contact with water, and 
confined, by mercury, decomposes it, as Davy observed, 
at common temperatures. But zinc, when perfectly dry, 
does not in the slightest degree act upon nitrous gas. 
Van Marum remarked that tin, lead, iron, and mercurv, 
were all oi^dated by taking the electric spark in contact 
with nitrous gas- Davy, who has made the greatest num- 
ber of experiments concerning the nature of nitrous gas, 
considers the analysis of it by charcoal as affording data 
best calculated for determining the respective quantities 
of nitrogen and oxygen in a given bulk of nitrous gas, and 
correcting it by mean calculations derived from the de- 
composition of nitrous gas by pyrophorus and hydrogen, 
and its conversion into nitrous oxyd, concluded that 100 
grains of nitrous gas are composed of 55.95 of oxygen and 
44.05 of nitrogen gas ; or taking away decimals of S6. 
oxygen and 44. nitrogen gas- This estimation agrees very 
well with the mean proportions of Priestley's experiments. 
But as Priestley never ascertaitied the absolute purity of 
the gas he made use of, and probably employed different 
kinds, in diflerent experiments, it is impossible to fix on 
any one from which accurate conclusions can be drawn. 

Lavoisier's estimation of the respective quantities of 
oxygen and nitrogen gas entering into the composition of 
nitrous gas has been generally adopted. He supposed 64 
parts of nitrous gas to be composed of 43J of oxygen and 
S0| of nitrogen gas. The difference between this and 
Davy's account is very great indeed; but Davy* has 
pointed out many sources of error in the experiments of 
this great man concerning the decomposition of nitrate of 
potash by charcoal, which were fundamental to nis ac- 
count of the composition of this gas. | 

 Researches chemical and philosnp]>lcal, 1800, DLt. 1. 

■j- Davy's propoKions are by weight 56o]tygen44 nitrogen. From the 
experiments and deductions of Thenard niiid Dalton 

AUnospheric air by measure consists of 20 parts oxygen 80 nitragen. 
Nitrous oxyd 33^ . 66,66 

Nitrous gas . 50 . 50 

Nitrous acid vapour 6J,S . 37,5 

Nitric acid fi6,56 . 33,33 T-G- 
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GASEOUS OX YD OF NITROGEN ; OR 

NITROUS OXYD. 



PART XXVI. 



THE combination of nitrogen and oxygen, which we 
considered before under the name of nitrous gas, does 
not fonstitute the first degree of oxygenation of nitrogen ; 
there is another degree below this. This combmation was 
formerly called dephlogisticated nitrous gas, but now ga- 
seous oxyd of nitrogen, or nitrous oxyd. It was first dis- 
covered by Priestley. Its nature and properties have 
since been investigated (though not very accurately) by a 
society of^Dutch chemists. 

Professor Davy has examined with uncommon accu- 
racy the formation and properties of all the substances 
concerned in its production. He has detected the sources 
of error in the experiments of Priestley and the Dutch 
chemists, and to him we are indebted for a thorough 
knowledge of this gas. We shall therefore exhibit the 
philosophy of this gaseous fluid as we find it in his re- 
searches concerning the nitrous oxyd» 



SECT. I. 

PROPERTIES OF GASEOUS OXYD OF 

NITROGEN. 

GASEOUS oxyd of nitrogen exists in the form of 
permanent gas. A candle burns with a brilliant flame 
and crackling noise in it; before its extinction the 
white inner flame becomes surrounded with a blue one. 

VOL. I. 41 
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Phosphorus introduced into it, in a state of actual inflam- 
matioD, bums with increased splendour, as in oxygen gas. 
Sulphur introduced into it when burning with a feeble 
blue flame is instantly extinguished ; but when in a state 
of vivid inflammation^ it bums with a rose-coloured fianne. 
Ignited charcoal burns in it more brilliandy than in at- 
mospheric air. Iron wire, with a small piece of wood af- 
fixed to it when inflamed, and introduced into a vessel 
filled with this gas, bums vehemently, and throws out 
bright scintillating sparks. No combustible body how- 
ever burns in it unless it be previously brought to a state 
of vivid inflammation. Hence sulphur may be melted, 
and even sublimed in it ; phosphorus may be liquefied in 
it without undergoing combustion. Nitrous oxyd is pretty 
rapidly absorbed by water that has been boiled ; a quantity 
of gas equal to rather more than half the bulk of the wa- 
ter may be thus made to disappear ; the water acquy*es a 
sweetish taste, but its other properties do not differ per- 
ceptibly from common water. The whole of the gas may 
be expelled again by heat. It does not change blue ve- 
getable colours. It has a distinctly sweet taste, and a faint 
but agreeable odour. It undergoes no diminution when 
mingled with oxygen or nitrous gas. Most of the liquid 
inflammable bodies, such as ether, alcohol, volatile and 
fat oils, absorb it rapidly and in great quantity. Acids 
exert but little action on it. The afiinity of the neutro- 
saline solutions for gaseous oxyd of nitrogen is very fee- 
ble. Green muriate and green sulphate of iron, whether 
holding nitrous gas in solution or not, do not act upon it. 
None of the gases, when mingled with it, suffer any per- 
ceptible change at common temperatures ; the muriatic 
and sulphureous acid gases excepted, which undergo a 
slight expansion. Alkalies freed from carbonic acid ex- 
posed in the dry or solid form have no action upon it ; 
they may however be made to combine with it in the na- 
scent state, and then constitute saline compounds of a pe- 
culiar nature. These combinations deflagrate when heat- 
ed with charcoal, and are decomposed by acids ; the ga- 
seous oxyd of nitrogen being disengaged. It undergoes 
no change whatever from the simple effect of light. The 
action of the electric spark for a long while continued, 
converts it into a gas analogous to atmospheric air and ni^ 
trous acid ; the same is the case when it is made to pass 
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through an ignited earthen tube* It explodes with hydro- 
gen in a variety of proportions at ver\^ high temperatures ; 
for instance, when eltctric sparks are made to pass 
through the mixture. Sulphurated hydrogen, heavy and 
light carbonated hydrogen gases, and gaseous oxyd of 
carbon, likewise burn with it when a red heat is applied. 
100 parts by weight of nitrous oxyd contain 36.7 of oxygen 
and 63.3 of nitrogen ; 100 cubic inches weigh 50 grams 
at 55^ temperature and 30 atmospheric pressure. Ani- 
mals when wholly confined in gaseous oxyd of nitrogen 
give no signs of uneasiness for some moments* but they 
soon become restless and die. When gaseous oxyd of 
nitrogen is mingled with atmospheric air, and then re- 
ceived into the lungs, it generates highly pleasurable sen- 
sations ; the effects it produces on the animal system are 
eminently distinguished from every other chemical agent. 
It excites every fibre to action, and rouses the faculties of 
the mind, inducing a state of great exhilaration, an irre- 
sistible propensity to laughter, a rapid flow of vivid ideas, 
and unusual vigour and fitness for muscular exertions, in 
some respects resembling those attendant on the plea- 
santest period of intoxication, without any subsequent 
languor, depression of nervous energy, or disagreeable 
feelings ; but more generally followed by vigour, and a 
pleasurable disposition to exertion, which gradually sub- 
sides. 

Such are the properties which characterize the nitrou$ 
oxyd. 

The Dutch chemists and some French and German 
philosophers a&sert^ that it cannot be respired ; that 
burning phosphorus, sulphur, and charcoal, are extinguish- 
ed in it, &c. It is probable they did not examine it in a 
state of purity* for it is otherwise difficult to account for 
these and many other erroneous opinions. 

METHODS OF OBTAINING GASEOUS OXYD 

OF NITROGEN. 

Gaseous oxyd of nitrogen is produced when substances 
having a strong affinity with oxygen are brought into 

• Gren's Principles of Chemistry, 1800. Sgherer's Introduction to 
the Knowledgpe of Gaseous Bodies, 1801. 
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contact with nitric acid, or with nitrous gas. It may 
therefore be obtained by various processes, in which 
nitrous gas or nitric acid is decomposed by substances 
capable of attracting the greater part of their oxygen. 
The most commodious and expeditious, as well as the 
cheapest mode of obtaining it, is by decomposing nitrate 
of ammonia, cd a certain temperature^ in the following 
manner. 

1. Introduce into a glass retort some nitrate of ammo- 
niay and apply the heat of an Argand's lamp ; the salt will 
sQon liquefy, and when it begins to boil, gas will be evolv- 
ed. Increase the heat graduaHy till the body and neck 
of the retort become filled with a semi-transparent niilky- 
white vapour. In this state the temperature of the fused 
nitrate is between 340*' and 480^. After the decompo- 
sition has proceeded for a few minutes, so that the g^ 
evolved quickly enlarges the flame of a taper held near 
the orifice of the nttort, it may be collected over water, 
care being taken during the whole process never to suffer 
the temperature of the fused nitrate to rise above SQO^ 
Fahr. which may be easily judged of, from the density of 
the vapours in the retort, and from the quiet ebullition of 
the fused nitrate ; for if the heat be increased beyond this 
point the vapours in the retort acquire a reddish and more 
transparent appearance ; and the fused nitrate begins to 
rise, and occupy twice the bulk it did before. The ni- 
trous oxyd after its generation is allowed to stand over 
water for at least six hours, and is then fit for respiration 
or other experiments. (See Appendix No* 26.) 

R AT lONALR.... Nitrate of ammonia consists of nitric 
acid and ammonia ; nitric acid is composed of nitrous 
gas and oxygen ; and ammonia consists of hydrogen and 
nitrogen. At a temperature ot about 480** the attractions 
of hydrogen for nitrogen in ammonia, and that of nitrous 
gas for oxygen in nitric acid, are diminished; while, on 
the contrary, the attractions of the hydrogen of ammonia 
T(,>r the oxygen of the nitric acid, and that of the remaining 
nitrogen of the ammonia for the nitious gas of the nitric 
acid, are increased i h^nc^ all the former affinities arc 
broken, and new ones produced, namely; the hydrogen of 
the ammonia attracts the oxygen of the nitric acid, the 
result of which is water ; the nitrogen of the ammonia 
combines with the liberated nitrous gas, and forms nitrous 
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oocyd* The water and nitrous oxyd produced probably 
exist in binary combination in the aeriform state at the 
temperature of the decomposition. " . 

Such is the philosophy of the production of gaseous 
oxyd of nitrogen^ by decomposing nitrate of ammonia at 
that temperatu;*e, given by Davy. 

To illustrate this complicated play of affinity more ftdly, 
the following sketch may not be deemed superfluous. 



DIAGRAM, 



CXHlBTTIirG THE PRODVCTIOK OF GASEOUS OXTB OF iriTROftBir, BT 
DECOMFOSlire ]!riTBATS OF AMMOHIA AT 480^ FAHB. 




Nitric Acid. 



NITRATE 

OF 

AMMONIA, 



Ammonia. 




R£MARK....Professor Davy has likewise pointed out, 
that when the heat employed for decomposing nitrate of 
ammonia is raised above the before-stated temperature, 
another play of affinities takes place ; the attractions of 
nitrogen and hydrogen for each other, and of oxygen for 
nitrous gas, are still more diminished, whilst that of nitro- 
gen for nitrous gas is totally destroyed, and that of hydro- 
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gen for oxvgen increased to a greater extent, A new at- \ 

' traction likewise takes place, namely, that of nitrous gas \ 

for nitric acid to form nitrous vapour^ and a new arrange- 
ment of principles is rapidly produced : the nitrogen of J 
the ammonia having no affinity for any of the single prin- \ 
ciples at this temperature, enters into no binary compound; j 
the oxygen of the nitric acid forms water with the hydro- 
gen, and the nitrous gas combines with the nitric acid to 
form nitrous vapour. \ 

All these substances most probably exist in combination 
at the temperature of their production ; and at a lower 
temperature assume the form of nitrous acidy nitrous g-as^ 
nitrogen^ and water ; and hence we see the necessity of 
not heating the nitrate of ammonia above the before- 
stated temperature. 

On account of the rapid absorption of gaseous oxyd of 
nitrogen by water, it is economical to preserve the fluid 
which has been used to confine this gas, and to make use 
of it for collecting other quantities of it. In order to 
hasten its production, the nitrate of ammonia may be pre- 
viously freed from its water of crystallization by gently 
fusing it in a glass of Wedgwood's basin for a few mi- 
nutes, and then keeping it for use in a well-stopped bottle. 

2. Nitrous oxyd may likewise be obtained by exposing 
common nitrous gas to alkaline sulphites, particularly to 
sulphite of potash containing its full quantity of water of 
crystallization- The nitrous oxyd produced from nitrous 
gas by sulphite of potash, has all the properties of that ge- 
nerated from the decomposition of nitrate of ammonia. 

Rationale.. ..The conversion of nitrous gas into ni- 
trous oxyd by these bodies, depends on the abstraction of 
a portion of its oxygen by the greater affinity of the sul- 
phite presented to it. The nitrogen and remaining oxy- 
gen assume a more condensed state of existence, and con- 
stitute nitrous oxyd. 

3. Nitrous oxyd may also be obtained by mingling to- 
gether nitrous gas and sulphurated hydrogen gas. The 
volume of gases in this case is diminished, sulphur depo- 
sited, ammonia, water, and nitrous oxyd are formed* 

RATiONALE..,.The change of principles which takes 
place in this experiment depends upon the combination of 
the hydrogen of the sulphurated hydrogen gas with dif- 

* Hence the reddish vapour in the rek>rt, stated before, p. 324. 
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ferent portions of the oxygen and nitrogen of the nitrous 
gas, to form water and ammonia, and to deposit sulphur. 
The remaining oxygen and nitrogen being left in due pro- 
portion to constitute nitrous oxyd. 

Rem AKK....This singular exertion of attractions by a 
simple body appears highly improbable, a priori ; but the ^ 
formation* of ammonia, and the non-oxygenation of the 
sulphur, elucidate the fact- In performing this experi- 
ment, care should be taken that the gases should be ren- 
dered as dry as possible ; for the presence of water consi- 
derably retards the decomposition. 

4. Nitrous oxyd may also be produced by presenting 
alkaline sulphurets to nitrous gas. Davy observed that a 
solution of sulphuret of strontia or barytes answers this 
purpose best. 

Rationale.. ..This decomposition of nitrous gas is not 
solely produced by the abstraction of oxygen from the 
nitrous gas to form sulphuric acid. It depends equally 
on the decomposition of the sulphurated hydrogen dis- 
solved in the solution or liberated from it. In this pro- 
cess sulphur is deposited, and sulphuric acid formed. 

5. Nitrous oxyd is obtained in many circumstances si- 
milar to those in which nitrous gas is produced. Dr. 
Priestley found that nitrous oxyd was evolved, together 
with nitrous gas, during the solution of iron, tin, and zinc, 
in nitric acid. 

RATiONALE....rt is difficult to ascertain the exact ra- 
tionale of these processes, for very complicated agencies 
of affinities take place. Either the nascent hydrogen aris- 
ing from the decomposition of the water by the metallic 
substance may combine with portions of the oxygen and 
nitrogen of the nitrous gas ; and thus by forming water 
and ammonia, convert it into nitrous oXyd ; or the me- 
tallic substance may attract at the same time oxygen from 
tlie water and nitrous gas, whilst the nascent hydrogen of 
the water seizes upon a portion of the nitrogen of the 
nitrous gas to form ammonia. The analogy betweeif this 
process and the decomposition of nitrous gas by sulphurat- 
ed hydrogen, renders the first opinion most probable. 

Such are the principal methods of. obtaining nitrous 
oxyd. There are no reasons, Davy thinks, for supposing 
that nitrous oxyd is formed in any of the processes of 
nature ; and the nice equilibrium of affinity by which it is 
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constituted forbids us to hope for the power of composing 
it from its simple principles. We must be content to 
produce it artificially. 

SECT. If. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF GASEOUS OXYD OF NITROGEN. 

Experiment I. 
Gaseous oxyd of nitrogen is rapidly absorbed by water. 

FILL a glass cylinder or graduated tube with water 
previously boiled, and invert it in a basin of the same 
fluid. Having done this, send up into it a quantity of 
nitrous oxyd, and mark the level of the water in the cylin- 
der. Then agitate it for a few minutes in the water, and 
the bulk of the gas will be seen considerably diminishing. 
Wateir may thus be made to absorb about one half of its 
own bulk of gaseous oxyd of nitrogen. 

On boiling the water, the gas which was absorbed will 
be liberated, possessing all its former properties* 

If nitrous oxyd be repeatedly exposed to water, the 
residual gas will be the common air previously contained 
in the water, and from which it can in no case be perfectly 
freed by ebullition ; this air becomes separated on ac- 
count of the greater affinity of water for nitrous oxyd. 

The quantity of common air thus produced generally 
amounts to about y\j part of the volume of water. 

The absorption of nitrous oxyd by the inflammable fluids 
enumerated before may be evinced in a similar manner. 
{See Appendix No. S7.) 

Experiment II. 

Combustible bodies do not burn in gaseous oxyd of nitro- 
gen^ except when in a state of actual inflammation* 

Fill a jar over mercury with gaseous oxyd of nitrogen, 
and keep it over that fluid ; introduce into it a small piece 
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of sulphur, camphor^ or phosphorus^ and touch these sub- 
stances with a bent wire heated to a dull redness* The 
sulphur, camphor, or phosphorus, will melt, and conti- 
nuingt he heat may even be made to sublime in the gas, 
but ^o accension will take place* 

But that the gas is capable of maintaining the combus- 
tion of inflammable substances becomes evident from the 
following facts : 



Experiment III. 



> 






Combustion of the tdper in gaseous oxyd of nitrogen. 






Immerse a lighted taper into a jar filled with nitrous ' 
oxyd* The flame of the taper will become instsintly 
larger; it will first bum lyith a brilliant white flame, ai]ll» 
sparkle as in oxygen gas* As the combustion goes ^on, 
the lustre of the flame diminishes ; it gradually lengthens, 
and becomes surrounded with a pale blue cone of light, . 
from the apex of which much unbumt charcoal is thrown 
off in the form of smoke. The flame continues double 
to the end of the process* "^ 



Experiment IV. 

Combustion of phosphorus in gaseous oxyd qf nitrogen. 

-  •■» 

Put a piece of phosphorus of the size of a pea intq a 
copper ladle, set fire to the phosphorus with a match, and 
quickly introduce it into a jar filled with the gas. The 
phosphorus will continue to bum with a splendour nearly 
equal to that in oxygen gas. 

The accension of phosphorus may likewise be. evinced 
in the following manner. 

Experiment V. * 

Fill a strong glass cylinder over mercury, one-eighth 
full of gaseous oxyd of nitrogen ; send up into it a few 

VOL. I. 42 
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grains of phosphorus^ heat a bent iron wire white^hotyZad 
introduce it quickly through the mercary to touch die 
phosphorus, which thus will take fire instantly with a 
considerable detonation* 

R£lfARK....This experiment requires caution : th^ cy- 
linder in which the phosphorus is inflamed should be very 
stcong. The gaseous oxyd employed should not exceed 
on^-eighth of the capacity of the jar. The wire for the 
inflammation ought to be very well curved, so as to, be 
expeditiously introduced into the jar, and capable of being 
quickly withdrawn. We have witnessed several aicci- 
dents where the detonating jar burst during this expe- 
riment. 

Another very successful method is as follows. 

T 

• EXPERIMEKT VI. 

Let the jar containing the gaseous oxyd of nitrogen be 
plated over mercury ; introduce the phosphorus in a small 
tube containing oxygen gas, so balanced as to swim on 
the surface of the mercury without communicating with 
the gaseous oxyd. The phosphorus is then fired in the 
pxygen gas with an ignited iron wire ; by which, at the 
moment of combustion, the tube containing it must be 
raised into the gaseous oxyd^ and thus the combustion 
continues. 

EXPERIMBMT VII. 

Sulphur burning with afeebk hbiefiame hccomts instantly 
extinguished in gaseous oxyd of nitrogen. 

Put a piece of sulphur into a copper ladle, set fire to it 
by means of a candle, and when it begins to burn with a 
blue feeble flame, introduce it into ajar filled with gaseous 
oxyd of nitrogen. The sulphur will be extinguished the 
instant it is plunged into the gas. 

But that sulphur may be made to bum in it becomeis 
obvious from tbe following 

 Experiment. VIII. 

Sulphur^ in a state of vivid infiammation^ burns -with a, 
rose-coloured fame in gazeous oocyd of nitrogen* 

Dip a slip of copper' into melted sulphur ; when cold 
^ct fire to it, and when in an actual state of combustion 
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introduce k into a jar fified with the gas, it will continue 
burning with a beautiful flame very much enlarged and of 
a vivid rose-colour. * 

This experiment may be more accurately performed 
in the same manner as tite inflammation of plK>sphorus ; 
namely, by introducing it into the small vessel filled with 
oxygen gas, and igniting it by means of the heated wire. • 

Experiment IX. 

Detonation of gaseous oocyd of nitrogen with carboncUed ' 

• hydrogen gas* ^ 

• 
Nitrous oxyd and carbonated hydrogen gas possess no 

action on each other except at high temperatures* Btit 
when niingled together in certain proportions and expos- 
ed to the electric spark, a new arrangement of their prin- 
cipljcs takes place. This may be proved in the following 
manner. 

Mingle together in a detonating tube S5 parts of gase*- 
ous oxyd of nitrogen^ and 15 of carbonated hydrogen gas* 
On passing the electric spark through it, the inflammation 
will be very vivid, and the light produced, bright red. 
After the explosion, the space occupied by the gases will 
be about 60. 

When 22 parts of nitrous oxyd and 20 of hydro-carbo- 
nate are exploded, the residue fills a space equal to 45. 

If "strontia water be brought into contact with the gas 
after the detonation, a white precipitate is instantly form- 
ed and a diminution takes place. On presenting nitrous 
gas to this residue, the gas again becomes diminished. 

RATiONAL£....Reasoning from analogy, there can be 
little doubt but that when carbonated hydrogen gas is in- 
flamed with excess of gaseous oxyd of nitrogen^ it will be 
only partially decomposed or converted into nitrogen, 
nitrous acid, and atmospheric air. 

Experiment X. 

Gaseous oxyd of nitrogen and phosphorated hydrogen gas 

detonate likewise* 

Posphorated hydrogen gas, and gaseous oxyd of nitro- 
gen, exert no action upon each other at common tempera- 
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tures'; but that they may be made to act upon each other 
at a Very high temperature the following e^eriments will 
, pl-ave. . / 

1.. Mix ten grain measures of phosphorated hydrogen 
gas and. 5^ of gaseous oxyd of nitrogen in a graduated 
detonating tube, and pass the electric spark through it* 
A very vivid inflammation will take place, and the tube 
Vill be filled with white vapour. The volume of the gas 
left behind will fill a space nearly equal to 60. On 
agitating this fluid in contact with water no absorption 
will take place. On admitting nitrous gas a diminution 
^sues« * 

RATioNAL£..«.It appears from this experiment that 
when a small quantity of phosphorated hydrogen gas is 
indamed with gaseous oxyd of nitrogen, both the phos* 
phorus and hydrogen are consumed ; whilst the supera- 
i>undant gaseous oxyd is converted into nitrous acid and 
atmospheric air by the ignition ; or a certain quantity is 
partially decomposed into atmospheric air by the combi- 
nation of a portion of its oxygen with the combustible 
gas. 

2. Twenty-five parts of gaseous oxyd of nitrogen, 
mingled with 10 of phosphorated hydrogen gas, may like- 
wise be inflamed. After the detonation, white dense va- 
pours become visible, and the gas left occupies a space 
equal to 25. The residuary gas is not absorbable by wa- 
ter : on admitting a solution of green sulphate of iipn, or 
prussiate of potash, no blue or green precipitate is pro- 
duced ; but if 25 parts of nitrous gas are mingled with it, 
the result will be 50. 

RATiONALE....From this experiment we learn that; when 
phosphorated hydrogen gas and gaseous oxyd are to each 
other as 25 to 10, they both disappear, whilst nitrogen is 
evolved, and water and phosphoric acid produced. Rea- 
soning concerning the composition of gaseous oxyd of ni- 
trogen from this result, we should conclude that it was 
composed of about 38 oxygen and 62 nitrogen. 

3. Ten grain measures of gaseous oxyd, mingled with 
20 of phosphorated hydrogen gas, cannot be inflamed. 

4. Twenty-five of gaseous oxyd of nitrogen with 20 
of phosphorated hydrogen gas inflame readily. The gas 
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after detonation is likewise opaque, and fills a space equal 
to about 45. The residue is not n^scible with water ; no 
white fumes are produced by admitting oxygen gas. 

RATiONALC*...Here we are taught that the affinity of 
phosphorus for the oxygen of gaseous oxyd of nitrogen 
is stronger than that of hydrogen at the temperature of 
ignition ; so that when phosphorated hydrogen gas is min- 
gled with k quantity of gaseous oxyd of nitrogen, not con- 
taining sufficient oxygen to bum both its constituent partsy 
the phosphorus only is consumed^ and the hydrogen is li- 
berated. 

 
Experiment XI. 

Combustion of charcoal in gaseous oxyd of nitrogen. 

This experiment is best performed by introducing a 
small piece of charcoal into a jar filled with nitrous oxyd, 
confined by mercury, and then applying the focus of a 
burning lens. The charcoal will thus take fire,* and bum 
vividly. 

It may likewise be performed by fixing a piece of well- 
bumt charcoal to a copper wire, igniting the charcoal cpm- 
pletely, and introducing it into the gas. 

Experiment XII. 

Combustion of iron in gaseous oocyd ofnitroge7u 

The experiment nay Jpe performed in a manner similar 
to the combustion of iron in oxygen gas, or more accu- 
rately, by setting fire to the touch-wood affixed to the 
wire by means of a burning glass* 

Experiment XIII. 

Combustion of zinc in gaseous oxyd of nitrogen. 

Take shavings of zinc, form them into a ball, in the mid- 
dle of which a few grains of phosphorus must be included 
affix the ball of zinc shavings to a copper wire, set fire to 



334 Proofo of the Properties of Gaseous Oxyd of Nitrogen,^ 

the phosphorus^ tild introduce it into a receiver filled with 
the gas. The asitic «irill thus be made to bum with a 
beautiful white Same, surrounded by a green one, and 
dense white vapours of oxyd of zinc will fill the receiver. 

Experiment XIV. 

Accensioii of pyrophorus in gaseous oxyd of nitrogen* 

Pyrophorus, which readily inflames in nitrous gas and 
in atmospheric air at a low temperature, requires for its 
combustion in nitrous oxyd a much greater degree of heat. 
It will not bum in it even at 212*. In order to inflame 
pyrophorus in gaseous oxyd of nitrogen over mercury, the 
wire must be strongly heated, but not ignited. The 
pyrophorus then takes fire, and bums with a splendid 
white light, greatly resembling that produced in oxygen 
gas. 

INFERENCES. 

From the preceding experiments it becomes evident 
that the inflammable bodies in general require for their 
combustion in gaseous oxyd of nitrogen much higher 
temperatures than those in which they bum in oxygen gas 
or atmospheric air. When intensely heated, they decom- 
pose it with the production of much heat «ind light, and 
become oxygenized. During the combustion of solid or 
fluii bodies producing flame in it, nitric acid is generated, 
and that probably from a new arrangement of principles 
analogous to those stated before. ^ike%vise, when gaseous 
oxyd of nitrogen in excess is decomposed by inflamma- 
ble gases, nitrous acid, and sometimes a gas analogous 
to common air, is produced, doubtless from the same 
cause. 

Pyrophorus is the only body that inflames in gaseous 
oxyd of nitrogen below the temperature of ignition. 

Phosphorus burns in it with a blue flame, probaUy 
forriiing with it only phosphorous acid a little above a dull 
red heat ; but when heated more intensely, phosphoric . 
acid is produced. 
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Charcoal, sulphur, iron, and the compound inflamma- 
ble bodies, decompose this gas only at temperatures 
equal to or above that of ignition, probably each at a dif- 
ferent temperature. 

The double flame produced during the combustion of 
charcoal depends on the production of nitrous acid formed 
during the process ; for it may be produced by plunging 
the taper into common air containing nitrous acid vapour, 
or in a mixture of gaseous oxyd of nitrogen and nitrogen 
gas, through which nitrous acid has been diffused. It is 
^ never perceived in the combustion till much nitrous acid 
is formed* 

If a taper be suffered to burn in a mixture of equal 
parts of gaseous oxyd of nitrogen and nitrogen gas, it 
bums at first with a flame nearly the same as that of a 
candle in common air» whitish yellow* Before its extinc- 
tion the interior white flame and exterior blue one are 
perceived. 

Nitrous oxyd is therefore a gas unalterable in its con- 
stitutioB at temperatures below ignition. It is composed 
of oxygen and nitrogen, existing most probably in the 
most intimate union which those substances are capable of 
assuming* For it is unalterable by those bodies which 
are capable of attracting oxygen from nitrous gas and ni- 
trous acid at common temperatures* The properties of 
nitrous oxyd approach to those of acids* {See Appendix 
No. 28.) 
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PART XXVII. 



SECT. I. 

THIS gas was first discovered by Dr. Priestley.. It is 
composed of hydrogen and nitrogen, rendered gaseous by 
the addition of caloric. 

PROPERTIES OF AMMONIA. 

Ammoniacal gas has a strong and very pungent odour. 
It extinguishes flame, yet it increases the magnitude of 
the flame of a taper before extinction, producing a pale 
yellow colour round its edge. Animals cannot breathe 
it without death ensuing. It is lighter than atmospheric 
air, in the proportion of three to five. It tinges yellt>w 
vegetable colours brown* and blue ones green. It is ra- 
pidly absorbed by cold water ; by ardent spirit, essential 
oils, ether, charcoal, sponge, bits of linen cloth, and all 
porous bodies. 

When a piece of ice is brought in contact with this gas, 
it melts and absorbs the gas, while at the same time its 
temperature is diminished. It has no effect upon oxygen 
gas while cold ; but when made to pass with it through 
an ignited tube, it detonates, and becomes decomposed. 
The same is tHe case with common air. It is also de- 
composed by phosphorus at high temperatures. 
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It does not explad^ when mixied with hydrogen gas. 
Nitrogen gas has no effect upon it. Atmospheric air does 
not combine with it at common f^mperaturesi but only 
mixes with and dilute^ it. When made to pass through 
ignited charcoal, it forms with it a substance caUed prussjc 
acid. If brought into contact with acid gases^ both gases 
lose their gaseous form and become concrete. It has 
no sensible action on earths, or op the salina-terrene sub- 
stances. It combines readily with acids, and unites to 
sulphur when both are in a state of vapour. It reduces 
oxyds of metajs to their metallic state, and is decomposed 
by them. It is also decomposed by electrization and by 
oxygenized muriatic acid gas, &c. When exposed to the 
temperature of— 46« it crystallizes, and when suddenly 
cooled down to — 68® it assumes a gelatinous appear^ce^ 
and has scarcely any odour.* 



METHODS OF OBTAINING AMMONIA. 

1. Mix together equal quantities of muriate of ammonia 
and lime, separately powdered ; introduce them into a 
gas-bottle or retort, apply the heat of a lamp, and receive 
the gas over mercury. 

RATiONALE....MuriateofamffK>nia consists of muriatic 
acid and ammonia ; on adding lime to it a decomposition 
takes place, the muriatic acid quits the ammonia and unites 
to the lime, in order to form muriate of lim^, which 
remains in the retort, and the ammonia flies pff in thf 
state of gas. 

R£MARK....In order to obtain the gas in a state pf purity 
it is essentially necessary that a considerable qugiitity of 
the gas first disengaged be suffered to escape, pn accpunft 
of the common air contained in the distilling vessel ^d i^ 
the interstices of the ingredients. 

2. Animonia may likewise be obtained by heating thu 
liquid ammonia of the shops (water of pure ammonia, 
Pharm. Land*) in a retort placed in communication with 
the mercurial pneumatic trough. 



* Foarcroy and Vauquelin, Ann. de Cbim. XXIX. p. 289. 
VOL. I. 43 
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Ration A^LE.....The ammonia contained in this liquid 
combines with caloric, assumes the form of ammoniacal 
gas, and parts with the water to which it was united* 

Remark The temperature of the fluid must not be 

' carried so high as to cause the water to be converted into 
vapour, or, if this cannot be well avoided, a small vessel 
should be interposed between the retort and the receiver ; 
which, when kept cool, may serve to condense the aqueous 
vapour which is formed, and cause the ammoniacal gas to 
pass in a very pure and dry state. 

Ammonia is likewise produced during the spontaneous 
decomposition of animal and vegetable substances ; in these 
cases it did not pre-exist in them ready formed, but is gene- 
rated by the union of the hydrogen and nitrogeq contain- 
ed in them. 

SECT. XL 

EXPERIMENTAL PROOFS OF THE PHOPER- 

TIES OF AMMONIA- 

£3(PERIM£NT If . 

f Ammonia is absorbed by water ^ ardint spirit^ £s?c. 

INTRODUCE into ajar filled with ammonia standing 
over mercury a little water, ardent spirit, or a piece of 
moistened sponge, paper, &c. In whichever manner the 
experiment is made there will be an absorption ; the gas 
becomes absorbed, and the mercury rises in the jar so as 
to fill it entirely, provided the gas be sufficiently pure. 

If water be presented to this gas in the state of ice, 
it melts rapidly. 

Remark Water which has absorbed the gas acquires 

its peculiar odour, and constitutes what is called liquid 
ammonia, or, more properly, solution of ammonia in wa* 
ter. From this fluid the gas may be again. liberated by 
heatf 

Experiment II, 

Ammonia extinguishes lighty but increases the magnitude 
of the flame before its extinction* 

A burning taper dipt several times successively into a 
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bottle filled with ammonia is extinguished every time, 
but before its extinction the flame is enlarged by the ad- 
dition of. another one of a pale yellow colour, and at length 
this lig^t flame will extend from the top of the vessel to 
the bottom* If the lighted taper be only presented to the 
mouth o* a vessel filled with ammonia, the yellowish 
flame will rise considerably higher thai^ that of the taper. 

Experiment III. 

Ammonia i$ lighter than atmospheric air* 

Let & jar filled with ammonia be placed with its mouth 
upwards, and left in that situation for a few minutes ; it 
will be found to have exchanged its contents for common 
alr^ which, being heavier, descends and displaces the gas* 

Experiment IV. 

Ammonia is heavier than hydrogen gas* 

Put a quantity of hydrogen gas into a long tube ; add 
to it half the quantity of ammonia^ and to this a like quan- 
tity of muriatic acid gas. The two latter gases will com* 
bine and form a white cloud (muriate of ammonia) but 
the cloud win not rise within the space occupied by the 
hydrogen gas ; consequently the latter had kept its place 
belo\tr the other without mixing with it. 

That the ammonia is lighter than the muriatic acid gas 
is shown from the formation of the white cloud on their 
mixture ; for it begins at the bottomy and gradually reaches 
the top when the muriatic acid gas is last added ; but 
when the ammonia is presented to the muriatic acid gas^ 
the whole becomes cloudy immediately. ^ 

Experiment V. 

Ammonia tinges yellow vegetable colours brown^ and blue 

ones green* 

This may be shown by pasting a piece of paper coloured 
yellow with turmeric^ or blue with cabbage juice, into the 
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top of a receiver, and escposing it to the action of tjie gas*. 
Tne first will soon become brown, and the latter green. 

The same effect may be produced by holding the pa- 
pers over a bottle filled with water impregnated with am- 
monia. 

EkPERlMEiJT Vi. 

Carbonic acid £^as and ammonia readily unite and form 

carbonate of ammonia. 

Fill a vessel with carbonic acid gas over mercury, and 
add ammonia ; a white vapour will instantly be formed, 
heat becoities evolved, the gases disappear, and carbonate 
of ammonia ctystallizes on the inside of the vessel. 

Experiment VII. 

Ammonia beco^nes decomposed by oxygenized muriatic ociM 

gas at common temperatures* 

Mix in a receiver over mercury two parts of oxygeniz- 
ed muriatic acid gas With one part, by measure^ of ammo« 
Ilia. When these two bodies come in contact, a brisk de- 
toilatioii is produced, accompanied with ayellowhhlight; 
the two gase^ decrease in volume, and there is formed a 

Eortion of solid matter (muriate of ammonia) whic}\ ad- 
eres to the sides of the vessel. The gas which remains 
has no odour like ammonia, nor colour like muriatic acid 
gas. It is not dissolved in water, nor does it maintain 
tothbustion ; it is therefore nitrogen gas. In the bottom 
of the vessel there is found a clear and transparent liquid, 
which is water, holding a certain quantity of die muriate 
of ammonia in solution. 

RATioNALE....Anunonia consists of nitrogen and hy- . 
drogen dissolved in caloric. Oxygenized muriatic acid gas 
^ consists of muriatic acid, oxygen, and caloric. On bring- 
ing the two gases into contact, a reciprocal decomposition 
takes place. The oxygen of the oxygenissed muriatic acid 
gas combines with the hydrogen of the ammonia, and 
forms water; while the nitrogen, the other component 
part of the ammonia, becomes disengaged. The oxyge- 
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nized muriatic acid gas having lost its*oxygeii, becomes 
converted irito simple muriatic acid gas, part of it unites 
to part of the ammonia (which in this Experiment is pre- 
sent in too large a quantity to be wholly decomposed) 
and forms with it muriate of ammonia. The explosion, 
heat, arid light, originate from the liberated caloric which 
kept thfe gases in their aeriform state* 

Remark.. ..If a smaller portion of ammonia is added 
to the. above quantity of oxygenized muriatic acid gas, its 
decomposition Will be complete, and ilo muriate of am- 
monia be produced. The results then are only muriatic 
acid ^liA water* 

The same facts may be shown in the following man- 
ner : 

Experiment VIII. 

« 

Fill four-fifths of a long glass tube with strong oxyge- 
nized muriatic acid, and the remaining fifth with water 
strongly impregnated with ammonia, and invert it in a 
saucer of water. The ammonia, on account of its light- 
ness, will pass through the oxygenized muriatic acid ; but 
by thus passing, a strong effervescence is produced, the 
elastic fluid by which it is occasioned collects in the up- 
per part of the tube, and a portion diffuses itself in the 
vessel. The gas disengaged will be found to be ni- 
trogen. 

RATiONALE....The explanation of this experiment is 
analogous to the former. 

Experiment ^ IX. 

Decomposition of ammonia by means ofblaci oxyd of man- 
ganese at a high temperature** 

If ammonia be made to pass over pounded black oxyd 
of manganese brought to a fed heat in a Wedgwood^s 
tube, connected, by means of another glass tube, with an 
empty bottle immersed in cold water or ice, abundance of 
red vapours will soon be produced, and these will be suc- 
ceeded by white ones, condensing in the botde into a 
bright transparent fluids which has a pungent saline 

* This is jui experiment of Dr. Milncr of Camhridge. T. C 
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taste. If this liquid be distilled to diyness by a gentle 
heat, the product will be water. The residue in the retort 
is of a white colour* It fuses in the fire, detonates on 
ignited coals, and produces vapours of nitric acid by the 
affusion of sulphuric acid, or ammonia when saturated 
with lime. It is therefore nitrate of ammonia. The 
black oxyd of manganese has changed its colour, being 
turned to a pale brown, and no longer gives oxygen gas 
by the addition of heat. 

RATioNAL£...In this experiment the hydrogen of the 
ampQonia unites to part of the oxygen given out by the 
black oxyd of manganese, and forms water. The nitrogen 
of the ammonia unites to another part of the oxygen, and 
produces nitric acid ; this joins to a quantity of undecom- 
posed ammonia, and forms nitrate of ammonia. 

Experiment X. 

Decomposition of ammonia by the electric spark. 

For this purpose take a detonating tube, admit into it 
about a cubic inch of ammonia and pass through it a suc- 
cession of electric discharges. When about ^00 strong 
shocks have traversed the gas, it will have increased three 
times its original bulk. On admitting a small quantity of 
water, the gas will not, as before, be completely absorbed 
by this fluid, but a part will remain. Hence it appears 
that the gas has undergone a decomposition, and on exa- 
miination it will be found that the chemical union of the 
hydrogen and nitrogen has been broken, and that they 
are only mechanically mixed.* 

* It can also be decomposed by Galyaaic proceeeeSf and by Potas- 
si'.m. T.C. 
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SULPHUREOUS ACID GAS. 



PART XXVIII. 



SEVERAL philosophers have paid attention* to the 
properties of this gas and its combinations ; but Berthollet 
was the first who published an accurate account of it^ 
which Fourcroy and Vauquelin have lately investigated 
still more completely. Their paper (of which we have 
made use) is inserted in the Annaies de Chimie^ II. 54, and 
copied into NichoUorCs Journal^ vol. I. p. 318. 

We have seen before, that when sulphur is united to 
oxygen it forms an acid. When the quantity of oxygen is > 
sufficient to oxygenate a given quantity of sulphur com- 
pletely, the result is a perfect acid, called sulphuric acid. 
We shall now see that iiF a less quantity of oxygen is made 
use off the result is an imperfect acid^ capable of taking 
the gaseous state. To this gaseous fluid we give the 
name of sulphureous acid gas. It becomes obvious from 
this, that sulphureous acid gas has the same relation to 
sulphuric acid as phosphorus acid has to the phosphoric 
acid. At least this gas occupies the middle place between 
sulphur and sulphuric acid, which will be more evident 
when we shall speak of the formation of acids. 
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SECT. I. 



PRQPERTIES OF SULPHUREOUS ACID GAS. 

SULPHUREOUS acid gas is a permanendv elastic 
- aeriform fluid at the ordinary pressure and temperature 
of our atmosphere. ' Its odour is strong and suffocating. 
It cannot maintain combustion, nor the respiration of 
animals. Its weight is more than double that of atmos- 
pheric air. Its specific gravity, according to Bergman, is 
0.00246, and 0.00251 according to Lavoisier. It is not 
inflammable. One hundred cubic inches of it weigh 
nearly 63 grains. It is composed, according to Fourcroy, 
of 85 sulphur and 15 oxygen. It is acid ; it. first reddens 
and then destroys the greater part of the vegetable colours. 
It exerts little action on the metals, and has a weak attrac- 
tion to alkalies and earths. It has the property of whiten- 
ing silk, and giving it a lustre. Priestley, Bergman, Ber- 
thollet, &c. say, that at high temperatures it deposits 
sulphur ; but Fourcroy an4 Vauquelm, in consequence of 
some new experiments, dpny this assertion. Phosphorus 
has no action upon it. Its attraction for oxygen when dry, 
at the common temperature, is very feeble ; but if the 
smallest quantity of moisture be.pr^sent, the union of the 
two gases is much favoured. At high temperatures the 
combination is more speedily effected. When a mixture 
of sulphureous acid gas and oxygen gas is made to pass 
through an ignited tube, the two gases combine, and sul" 
phuric acid is formed. When passed into water cooled 
down to the freezing point, the union ' is very rapid. 
Water cooled to 40 degrees absorbs oat third part of its 
weight of sulphureous acid gas* It speedily melts ice. 
Water saturated with it may be frozen without parting 
with its gas ; but when water which has been saturated 
with it is exposed to heat, it is filled with a vast number 
of bubbles, which continually increase and rise to the sur- 
face; these bubbles are the gas separating from it* It is ab- 
sorbed by oil, ether, and sulphuric acid ; the latter when 
saturated with it acquires the property of emitting fuipes 
when exposed to air ; its colour is altered to a yellowish 
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browi^ ao^ its odour is penetrating, like that of the gas. ^ ^ 
, When the acid thus saturated with the gas is exposed to t 

a few degrees below the freezing point, it congeals or * 
freezes into a crystalline mass* The same happens when 
4 submitted to distillation. It decomposes nitrie sfodpxy'^ 
genized muriatic acid, and dissolves camphor. Siilphu-^ 
reous acid gas and hydrogen gas have no action upon eadi 
other at commoti temperatures, but if tl^y are passed 
through an ignited tube, a decomposition is effected. 
Charcoal likewise decomposes sulphureous acid gas at a 
high temperature. Monge and Clouet affirm, that by ex* 
treme artificial cold and a strong pressure exerted at the 
same time, they rendered sulphureous acid gas fluid* 

METHODS OF OBTAINING SULPHUREOUS' . 

AGIO GAS. 
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1. Take one part of mercury and four of concentrated , , 
sulphuric acid ; put.theiih into a glass retort connected 
witJh the pneumatic quicksilver trough, and apply the 
heat of a lamp to the mixture till it boils. On continuing , ^ 

the heat after the mercury has been acted upon, sulphu- ^ 
reous acid gas will be obtained in abundance. 

RATioNAL£....In this case a partial decomposition of <^ 

the sulphuric acid takes place. The mercury abstracts 
part of its oxygen, and beconies converted into an oxyd ; * 
the sulphuric acid, in consequence of the loss of oxygen, 
becomes converted into sulphureous acid, which takes the 
gaseous form at the common temperature. 
. 2. Sulphureous acid gas may likewise be obtained by 
the slow combustion of sulphur. \ 

Put pounded sulphur into a shallow earthen dish or 
crucible ; melt and set fire to it ; and when it is c^^pletely 
inflamed, cover it with a large bell glass perfetJUy dry; \ 
remove the whole on a dish, and surround the apparatus 3?"^; / , 
with mercury. The sulphur will burn for some time,, 
and the bell glass will be filled with white vapour. 
When the vapour has subsided, the gas may be transfer- 
red as usual. 

RATiONALE....During the burning of the sulphur in 
a confined quantity of atmospheric air, it absorbs the 
oxygen contained in it ; this however not being sufficient 

VOL. I. 44 '^ 
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^ to oxygenate the sulphur completely, the result is ^ im- 
perfect aeriform acid, or sulphureous a<ud gas. * 

3. Sulphureous acid gas may also be ol^ned by de- 
composing sulphite of potaskor soda, either by heat atonc^ 
or by the affusion of acids. 

4. If charcoal be moistened with sulphuric acid, and 
then exposed to distillation, the products are carbonic acid 
gas and sulphureous acid gas. 

RATiONALE....During this operation the charcoal at- 
tracts part of the oxygen of the sulphuric acid, and forms 
carbonic acid gas. The sulphuric acid is therefore pardy 
de-oxydated) and becomes converted into sulphureous 
acid gas. 

5. S.ulphureous acid gas. is likewise formed by distil- 
^ Jing sulphur with the oxyds of mercury, lead, til| man- 
' * . , ga^ese, &c. 

RATioNALE....In these processes the sulphur attracts 
* .. the oxygen of the metallic oxyds and becomes converted 
into sulphureous acid gas, while the oxyds are partially 
restored to che metallic state. • 
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SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF SULPHUREOUS ACID GAS. 

' Experiment I. 

Sulphureous acid gas is heavier than atmospheric air^ and 

does not maintain combustion* 

This may be shown by dipping a lighted candle suc- 
cessively into a jar filled with this gas. The candle will 
be extinguished every time, though the jar filled with it 
^ continues exposed to the air. 

Experiment II, 

Sulphureous acid gas is rapidly absorbed by xvaier* 

Fill a cylinder with the gas over mercury, and send up 
into it a little water. The gas will instandy become 
diminished) and the mercury rises up in the vessel. 
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: The absorption of this gas may likewise be shown by 
dipping the neck of the retort, in which it is disengaged, 
in a basin of cold water. * - 

REMARK....The combination of sulphureous acid gas 
with water cooled artificially takes place with such rapi- 
dity, that not a single bubble of it rises to the top until the ' 
Water is saturated. If ice be present in the watef, it melts 
rapidly. The water at this temperature increases almost 
one seventh part in weight. 

The saturated water when exposed to a temperature of 
about 65* or 70« Fahr. becomes filled with a multitude of 
small bubbles, which continually increase and rise to the 
surface. This may be shown in the following 

Experiment III. 

» 

Disengagement qf sulphureous acid gas from water satu- 
• ' rated with it* 

Take a bottle filled with water completely saturated 
with sulphureous acid gas at a low temperature, plunge it 
into a basin of hot water and uncork it; an infinite num- 
ber of small bubbles will instantaneously be extricated^ 
the water in the bottle will appear to boil with great ra- 
pidity and lose most of its gas. 

Rationale.. ..The sulphureous acid gas contained in 
the water is capable of remaining in combination with 
this fluid at low temperatures; but by the addition of ca- 
loric, becomes converted into the state of gas, which flies 
off", and occasions the apparent ebullition. 

Remark.... Water that has absorbed sulphureous acid 
gas is to be looked upon as liquid sulphureous acid. It 
possesses the peculiar odour of the gas and an acid taste. 
At first it only reddens blue vegetable colours, but at last 
totally destroys them. The infusion of rose-leaves and 
several other vegetable pigments lose all their colour by 
it instantly. 

Experiment IV. 

Sulphureous acid gas and oxygen gas do not act upon each 

other at a low temperature without the 

intervention of a Jluid* 

To two parts of sulphureous acid gas, prepared in the 
mercurial apparatus, add one part of oxygen gas ; no per- 
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ceptible union will take place even after some months : 

but if a small quantity of water be added to the mixture 

an absorption gradually takes place, the volume of the 

gases becomes diminished, and sulphuric acid is formed* 

REMARK*««.The water presented acts as an interme* 

diate body to favour the union of the two gases. Its 

^ great attraction for the sulphureous acid gas enables the 

• . oxygen to unite to it in order to convert it into sulphuric 

acid. 

« • 

Experiment V. 

Sulphureous acid gas and oxygen gas readily act upon 
each other at high temperatures* 

In the last experiment we have seen that the two gases 
have no action upon each other at common temperatures, 
- unless by the intervention of water ; but if we transmit a 
mixture of sulphureous acid gas and oxygen gas through 
an ignited earthen tube placed across a furnace, very dense 
white fumes are formed, which become converted into 
liquid sulphuric acid, and may be collected in a vessel 
placed for that purpose at the other extremity of the tube. 

RATioNALE...The oxygen gas at this temperature yields 
its oxygen to the sulphureous acid gas, and converts it into 
sulphuric acid, which it is only capable of doing in a direct 
manner at that temperature. 

Experiment VI. 

Hydrogen gas has no action upon sulphureous acid gas in 
the cold, but decomposes it at high temperatures. 

When we mingle together hydrogen gas and sulphure- 
ous acid gas at common temperatures, there is no action ; 
but if we transmit a mixture of three parts of Hydrogfen 
gas and one of sulphureous acid gas through a Wedg- 
wood's tube in a state of ignition, sulphurated hydrogen 
gas will be evolved, and sulphur deposited at the extre- 
mity of the tube, opposite to that through which the gas 
is made to pass. 



^^mwmmmmm^^mmmmm^mmm^Kmmm^m 



Proofs of the Properties of StJpkureous Add Gas* 349 

RATioNAi£....Part of the hydrogen at such a tempera* 
ture unites to the oxygen of the sulphureous acid gas to 
form water, the sulphur is consequently left uncombined ; 
another part (or at least the excess) of the hydrogen dis- 
solves a portion of the sulphur^ and becomes converted 
into sulphurated hydrogen gas* 

Rem ARK**..The two last experiments are well calculated 
to demonstrate the nature of sulphureous acid gas. In 
the first it became changed into sulphuric acid by the 
addition of oxygen at a high temperature : in the other, 
hydrogen gas decomposes the sulphureous acid gas at 
the same temperature, by taking from it that portion 
of oxygen which kept it acid, and the sulphur is disen* 
gaged. 

Experiment VIL 

Formation of sulphate of ammonia by mingHng sulphure- 
ous acid gas and ammontacal gas. 

Let sulphureous aqid gas be mixed with ammoniacal 
gas over mercury ; a beautiful white cloud will be formed 
by their combination, heat is liberated, and both gases 
gradually assume the solid state, forming sulphate of am- 
monia. If the gases have been pure, the mercury rises 
almost to the top of the vessel. 

If the sulphureous acid gas be presented to the ammo- 
niacal gas, the cloud is formed at the bottom, and gra- 
dually rises to the top ; but if the ammoniacal gas be pour- 
ed in last, the cloud rises immediately to the top. These 
consequences naturally result from the ammoniacal gas 
being the lightest. 

RATioNALE....The white cloud formed in this experi- 
ment is sulphate of ammonia, which originates from the 
strong attraction these gases have for each other. The 
caloric which kept, them in the gaseous state being set 
free produces the heat evolved during this union. 

Experiment VIII. 

Sulphuric acid saturated with sulphureous acid gas ac'*, 

quires a concrete form. 

When sulphureous acid gas is made to pass into sulphu- 
ric acid cooled by a frigorific mixture, the gas is for a con- 
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siderable time absorbed by the aci^, which at last acquires 
a solid form. The solid acid has no very perceptible odour» 
If part of it be laid upon a plate of glass, it exhibits an 
effervescence, like that occasioned by the decomposition 
of carbonate of lime by the affusion of a weak acid. It 
soon after becomes liquid and very odorous* 

REMARK....We have therefore a concrete sulphuric acid, 
formed by the addition of sulphureous acid gas. Nitrous 
gas is also said to possess the same property* There is no 
doubt but that other concrete modifications occasioned by 
other gases will be discovered hereafter* 

Experiment IX* 

» . 

Decomposition of sulphureous acid gas by charcoaL 

When sulphureous acid gas is passed through a tube 
containing ignited charcoal, carbonic acid gas and sulphu- 
rated hydrogen gas are obtained, and the inner surface of 
the tube is lined with sulphur* 

RATiONAL£....The charcoal at the temperature of ig- 
nition takes the oxygen from the sulphureous acid gas, 
and forms with it carbonic acid gas ; the sulphur there- 
fore becomes precipitated* The sulphurated hydrogen 
gas arises from a portion of water contained in the char- 
coal* 

Experiment X* 
Decomposition of sulphureous acid gas by muriate of tin* 

Fill a cylinder with sulphureous acid gasy and pass up 
into it fresh prepared concentrated muriate of tin, the 
volume of the gas will soon become diminished, and sul' 
phur be deposited* 

RATiONALE....The oxyd of tin robs the sulphureous 
acid gas of its oxygen^ and becomes converted into oxy- 
genated muriate of tin, and the sulphur, deprived of its 
oxygen, is deposited* 
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MURIATIC ACID GAS. 



PART XXIX. 



SECT. I. 

THE basis of this gas is still unknown. The presence 
of oxygen has not been even demonstrated in it, and it is 
only by analogy that we may venture to suppose it instru- 
mental in this acid gas. Some philosophers have lately- 
persuaded themselves that it i»an oxyd of hydrogen. The 
experiments hitherto advanced are^ however, not suffi- 
cient to prove this assertion* 

PROPERTIES OF MURIATIC ACID GAS. 

Muriatic acid gas has a very pungent and suffocating 
odour, which excites coughing. It is readily absorbed by 
water, by ardent spirit, ether, fat, and essential oils, melted 
wax, phosphorus, and many other bodies. It is a true 
acid. It suffocates animals, and is so very caustic as to 
excoriate the skin. It extinguishes a lighted taper^ the 
flame of which becomes green, or rather light blue, at the 
upper part of its disk. Light has no effect upon it. Ca- 
loric rarefies it. It is heavier than common air. The 
specific gravity of the former is to that of the latter as 
1.750 to 1.000. When brought into contact with atmos- 
pheric air, or oxygen gas, it forms a white cloud. Ice is 
melted by it as speedily as if thrown into the fire. It 
unites to alkaline and terrene substances, and forms with 
them new compounds. It has no action on siliceous 
earths. It combines with alumine and magnesia. It ab- 
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sorbs oxygen when in the state of gas feebly, though there 
are methods of uniting them readily* If ammoniacal gas 
be mixed with it and heat applied, both gases lose their 
gaseous form in a moment, and are transformed to a con- 
crete salt. Carbonic acid gas, nitrogen gas, gaseous oxyd 
of nitrogen, sulphurated hydrogen gas, and carbonated hy- 
drogen gas, have no action upon it* It has never been 
found in a disengaged state in nature. When electric 
explosions are made to pass through it, its bulk is dimi- 
nished, and hydrogen gas is evolved. These changes are 
owing to a quantity of water contained in the gas> and 
cease when it is deprived of moisture, as has been proved 
by Mr. Henry.* 



METHODS OF OBTAINING MURIATIC ACID 

GAS. 

1. Muriatic acid gas may be obtained by decomposing 
muriate of soda by means of sulphuric acid. For this pur- 
pose, put into a tubulated retort two parts of very dry mu- 
riate of soda, and pour on it very gradually one part of con- 
centrated sulphuric acid. A violent action takes place^ 
and muriatic acid gas becomies liberated, which must be 
collected over mercury in the usual manner. 

RATiONALE....The sulphuric acid has a greater affinity 
for the soda than the muriatic acid has ; it therefore 
unites to it, and forms sulphate of soda. The muriatic 
acid being liberated takes the gaseous form^ and appears 
as muriatic acid gas. 

Remark....As this decomposition takes place very 
rapidtyy it is not necessary to apply heat until the disen- 
gagement of the gas begins to slacken, after which 
the further extrication may be assisted by the heat of a 
lamp. 

2. Muriatic acid gas may likewise be obtained by ex- 
pelling it from its combination with water. 

For this purpose put concentrated muriatic acid into a 
retort, immerse the beak of it under a receiver placed in a 
mercurial pneumatic trough, and filled with that metal. 
On exposing the acid to a gentle heat, muriatic acid gas 

* Xicholsou's Jom-nal, vol. IV. p. 209. 



mKwmmmmm 



Proofs of the Properties of Muriatic Add Gas. %Si 

will be obtained. If the process be very carefully mana* 
ged, nothing but water remains in the retort* 
» 3. Muriatic acid gas is likewise produced by putting 
any quantity of liquid muriatic acid mto a long glass tube, 
and adding to it about one-third or one-fourdi, by mea* 
sure, of concentrated sulphuric acid. A violent etterves- 
cence takes place, and the whole tube becomes filled with 
dense white vapours, which are muriatic acid gas, con* 
densed again by means of the moisture in the atmosphere* 
The sulphuric acid added to the muriatic acid, deprives 
the latter of part of its water; a combination and penetra* 
tion of the two liquids take place, and caloric is evolved, 
contributing to render the gas aeriform, which is thus^ 
forced to escape. 

This experiment proves that the affinity of sulphuric 
acid for water is greater than that of muriatic acid. 



SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER* 
TIES OF MURIATIC ACID. 

Experiment I. 

Muriatic add gas is readily absorbed by water 9 

Fill a receiver with muriatic acid gas, and introduce 
into it a littie water ; the gas will speedily be absorbed, 
and the fluid exhibit all the properties of muriatic acid. 

The absorption may also be shown by disengaging the 
gas in a retort, and dipping the neck into a basin of wa- 
ter, or letting it pass into a receiver moistened with a 
small quantity of this fluid. 

R£MARK....Water when charged i^s highly as possible 
with this gas9 forms the ordinary muriatic acid in a liquid 
state. Ten grains of water are capable of absorbing ten 
grains of the gas. The solution thus obtained occupies 
the space of 13.3 of water nearly. Water heated absorbs 
it with difficulty. The colder the water the more it 
absorbs. 

voju. I. 45 



( • 



S54f Proofs of thf Properties of Muriatic Acid Gas. 

Experiment II. 

Muriatic acid ff as melts ice speedilt/. 

This experiment may be shown by passing the current 
oF muriatic acid gas as it is disengaged into a vessel filled 
with ice, broken into small pieces. The ice will 'melt as 
rapidly as if heat were applied. 

RATiONAL£....The rapid liquefaction depends on the 
vast quantity of caloric which is evolved by the gas when 
returning from the gaseous to the liquid state, which be^- 
comes absorbed by the ice, and melts it. 

Experiment III. 

Muriatic acid gas when brought into contact with air 

forms white clouds. 

If a wide-mouthed bottle be half filled with muriatic 
acid gas, and atmospheric air be admitted, by removing 
it from the merciiry over which it was charged, the whole 
vessel will be instantly filled with dense white vapours^ 
and a considerable degree of heat will be produced. 

RATioNALE....Thc vapours are occasioned by the 
moisture' in the air, to which the muriatic acid gas unites, 
in order to become converted into liquid muriatic acid, 
abandoning at the same time its combined caloric, which 
becoming free produces the heat. 

R£MARK....The more humid the air, the denser the 
vapours are on presenting muriatic acid gas to it, and for 
that reason they are never produced on the summits of 
mountains or other places where the air is very dry. 

This production of white vapour i$ therefore a sure 
$ign of the humidity of the air. 

Experiment IV. 

formation of muriate of ammonia by mingling muriatic 

acid gas and ammonia. 

If muriatic acid gas and ammonia be mingled together 
in a cylinder over mercury, the mixture becomes in- 
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stantly heated, and a white cloud is formed. The mercu«* 
ry rises, and muriate of ammonia will be formed^ which 
crystallizes on the internal surface of the receiver, during 
the subsiding of the white vapour. If the two gases are 
very pure and perfectly dry, they completely disappear, 
and the disengagement of caloric is considerable. 

RATioKALE....The production of the muriate of ammo- 
nia is owing to the attraction of the bases of the two gases 
to each other being greater than that of the caloric which 
kept them in the gaseous state ; they therefore abandon 
the caloric, unite, and form a solid combination called 
muriate of ammonia. 



Experiment V. 

Muriatic acid gas extinguishes the Jlame of burning bodies; 

Jirst enlarging it by the addition of a green or 

bluish circumambient fame* 

If alighted taper be let down into a receiver filled with 
muriatic acid gas, the flame will be extinguished; but be- 
fore its extinction it will be enlarged \fy a green or bluish 
circumambient flame. 

R£MARK....This curious phenomenon has not yet beep 
satisfactorily explained. 



OXYGENIZED MURIATIC ACID GAS. 



PART XXX. 



SECT. I. 

WHEN the muriatic acid gas before mentioned be- 
comes combined with a certain quantity of ojfygen, the 
result is an expansible gaseous fluid, to which chemists 
have given the name of oxygenized muriatic acid gas. 

PROPERTIES OF OXYGENIZED MURIATIC 

ACID GAS. 

 

Oxygenized muriatic acid gas possesses an uncommonly 
pimgent and suiFocating odour. It is absolutely and in 
every respect non^respirable ; animals immersed in it die 
instantly.' It is absorbable by water, and forms with it 
what is called liquid oxygenized muriatic acid. When 
water is saturated with it, the compound crystallizes at 
low temperatures. Oxygenized muriatic acid gas is not 
invisible^ but has a yellow-greenish cohur. It is capable 
of maintaining and exciting combustion in many cases. 
Phosphorus, charcoal, red sulphuret of mercury, sul- 
phuret of antimony, bismuth^ iron, zinc, copper, gold, ar- 
senic, cobalt, tin, lead, and several other combustible bodies, 
take fire spontaneously when introduced into it. It is 
heavier than atmospheric air. It weakens and reddens the 
flanie of a. taper, but does not extinguish it. It decom- 
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poses ammonia. It thicl^ens fat oils. It detonates with 
hydrogen gas. Nitrous gas immediately produces a cloud 
of reddish vapour with it. It is likewise decomposed by 
sulphurated, phosphorated, and carbonated hydrogen 
gases. It is not altered by exposure to light, and passes 
unaltered through an ignited porcelain tube. It discolours 
stuiFs, and totally destroys most of the vegetable colours, 
rendering them white. It also bleaches yellow wax» &c. 



METHODS OF OBTAINING OXYGENIZED 

MURIATIC ACID GAS. 

1. Put into a retort one part of powdered black oxyd 
of manganese and three or four of concentrated muriatic 
acid ; connect the retort with a pneumatic trough, and 
receive the gas over water* in the usual manner. When 
no more gas is liberated, apply the heat of the lamp, and 
gas will be produced abundantly, which may be kept in 
botdes with ground glass stoppers. 

RATiONALE....The oxyd of manganese yields up part of 
its oxygen to part of the muriatic acid, which becomes 
converted ii^to oxygenated muriatic acid gas ; the oxyd of 
manganese being thus partly deoxydated, is dissolved in 
the remaining quantity of the muriatic acid, which is left 
in the retort as muriate of manganese. 

REMARK....The retort containing the mixture should 
not be filled above one third ; for die fluid on the appli- 
cation of heat swells, and is otherwise very apt to be 
forced over into the neck of the retort. 

2. Oxygenized muriatic acid gas may likewise be ob- 
tained in an indirect manner, by decomposing muriate of 
soda in contact with black oxyd of manganese. For that 
purpose mix eight parts, by weighty of muriate of soda 
with three of powdered oxyd of manganese^ put the mix- 
ture into a tubulated retort, and pour upon it gradually 
four parts of sulphuric acid; diluted previously with three 
of water, and which has been suffered to cool after dilu^ 
tion. On applying a gentle heat, gas will be produced as 
before. 

* Though mercury is generally made use of in thi^ process, water 
answers th« purpose better. 
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RATiONALE»»..In this operation the sulphuric acid acts 
on the muriate of soda, to the. base of which it unites ; the 
muriatic acid formed by this union attacks the oxyd of 
manganese ; one part of it combines with the oxygen, and 
another with the oxyd brought nearer to the metallic 
state ; and the result is sulphate of soda and muriate of 
manganese, which remain in the distiUing vessel ; and 
oxygenized muriatic acid, which passes in the state of 
gas at common temperatures. 

REMARKs...*In preparing this gas great care should be 
taken that it does not escape into the apartment in any 
considerable quantity; as it acts violently on the pituitous 
membrane, occasions a defluxion of the brain, blunts the 
senses of smell and taste, produces head-ache, and proves 
extremely injurious to health.* 

Pelletier fell a sacrifice in attempting to breathe it ; n 
consumption was the consequence, which proved fataL 

Liquid ampionia is the remedy best calculated to check 
its effects, when accidentally set at liberty in places where 
it is prepared. 

The film of water which adheres to the inner side of 
the vessel filled with oxygenized muriatic acid gas crys- 
tallizes in the form of yellow spangles, if the tempera- 
ture is near the freezing point. If a considerable quanti* 
ty of gas be thus condensed, care must be taken to keep it 
at a low temperature, for as soon as it becomes heated it 
expands, and endangers the bursting of the vessel. 

SECT. II. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF OXYGENIZED MURIATIC 

ACID GAS. 

^ Experiment I. 

Oxygenized muriatic acid gas is absorbed by -water* 

Fill a phial with oxygenized muriatic acid gas, and 
agitate it strongly in contact with water ; a rapid absorp- 
tion takes place, and the water will ascend in the phial. 

• This g^as can also be procured by substituting red lead (minium) 
for maiigiinese, » But the best method is to put into a retort tliree parts 
by weight of common salt, one part of finely powdered manganese, and 
two parts of oil of vitriol diluted with thrice its bulk of water- T. C 
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It acquires the colour and odour o( the gas, and the pro- 
perty of discharging vegetable colours. 

Experiment IL 

-Oxygenized muriatic acid gas destroys vegetable colours 

and renders them white* 

Fill a vessel with oxygenized muriatic acid gas, and in- 
troduce into it a sprig of mint, a rose, &c« Its colour 
will soon be destroyed^ and the gas diminished. 

All flowers of variegated colours and green leaves of 
plants are in time rendered white by it ; and no alkali is 
capable of restoring their colour* 

RATiONALE....This effect can be ascribed only to the 
absorption of oxygen. This gas, which contains it in ex- 
cess, gives up a part of it^ which vegetable substances ab- 
sorb with avidity ; and by this absorption lose their co- 
lour: the oxygenized muriatic acid gas then becomes 
converted into common muriatic acid gas. 

R£MARK....It is this property which induced a new 
method of bleaching, which has proved completely suc- 
cessful. The advantages wliich result from diis applica- 
tion of the oxygenized muriatic acid, either in tlie gaseous 
or the liquid state, have accelerated the process of whiten- 
ing thread, cotton, linen, wax, &c. to a really surprising 
degree, in every season of the year^ and can be justly 
appreciated by commercial people only, who experience 
its beneficial effects from the quick circulation of their 
capitals. 

Experiment III. 

Bleaching of linen^ calico^ &fc. by oxygenized muriatic 

acid gas* 

Suspend some unbleached calico or linen^ moistened 
with water, in a jar filled with oxygenized muriatic acid 
gas. The natural colour of the stuff will soon begin to 
fade, and at last totally disappear. 

If different coloured patterns qf calico or printed cot- 
> ton be immersed for a few minutes into the gas, their 
colours will soon be destroyed, except those which are 
yellow. 
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Experiment IV« 

OoeygentT^ed muriatic acid gas supports Jiame* 

Though oxygenized muriatic acid gas is exceedinj^y 
noxious to life> it does not extinguish combustion. 

If a burning taper affixed to a wire be immersed in it, 
the taper bums of a red colour, and more vividly than in 
atmospheric air ; a great quantity of smoke is emitted at 
the same time. 

Experiment V. 

Spontaneous accension of metals in oxygenized muriatic 

acid gas* 

Fill a tall receiver furnished with a ground stopper with 
oxygenized muriatic acid gas, over watery and let fall into 
it copper beaten out into a thin leaf (Dutch gold.) The 
copper leaf before it reaches the bottom of the receiver 
will bum with a pale green light. 

Gold leaf may be burnt in a similar manner. 

Fme copper wire when heated to redness also takes 
fire when introduced into the gas in that state. 

Other metals may be inflamed in oxygenated muriatic 
acid gas in the following manner. 

Experiment VI. 

Fill a tall bell-glass^ fumished with a stopper, or cork, 
at the top, with oxygenized muriatic acid gas, and throw 
into it, in small quantities, either some antimony or arsenic 
reduced to fine powder. The metal introduced will in- 
standy inflame^ and appear like a shower of fire. 

TiDy cobalt, bisiinuth, nickel, copper. Sec. reduced to a 
fine powdery may be inflamed in a similar manner. 

Rationale....'! he metals presented to the oxygenized 
muriatic acid gas rapidly subtract its oxygen, and become 
converted into oxyds ; the combined light and heat of 
both the gas and the metal are disengaged, and appear . 
under the form of fire ; and the oxygenized muriatic acid 
gas returns to the stato of simple muriatic acid gas. 
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Remark....To succeed well in making these experi- 
ments, it is necessary that the metal should be reduced 
to a fine powder, and employed in the proportion of a 
grain, to two or three cubic inches of gas. The gas made 
use of should be perfectly fresh prepared. If the gas be 
warmed a little^ the phenomena never fail. Iron, lead, 
and zinc, are more di£Bcult to inflame than any of the for^ 
mer ; it frequendy happens that they remain unaltered at 
the bottom of the vessel for some time, but on a sudden 
the accension takes place. Nickel, arsenic^ and bismuth 
are the metals which are most readily inflamed, and which 
bum most brilliantly. 



Experiment VII. 



Spontaneous accension oj* phosphorus in oxygenized muri^ 

atic acid gas* 

Put a piece of phosphorus, dried on blotting-paper, in^i 
to a copper ladle, and introduce it into a jar filled with 
oxygenized muriatic acid gas ; the phosphorus will in-, 
stantly kindle, and bum with a greenish white light. 

RATiONALE....The phosphorus unites with the oxygen 
of the oxygenized muriatic acid gas, and becomes con- 
verted into phosphoric acid ; the oxygenized muriatic 
acid gas, by thus losing its oxygen, returns to the state of 
muriatic acid gas. 



Experiment VIIL 

Spontaneous accension of sulphur in oxygemzed muriatic. 

acid gasm 

If a piece of sulphur be presented to oxygenized mu- 
riatic acid gas, no action ensues ; but if we melt a litde 
sulphur in a ladle, and then introduce it, in a state of per- 
fect liquidity^ into a jar filled with this gas, the sulphur 
takes fire, and bums rapidly. 

VOL. I. 46 
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RATiONAL£.*..The explanation of this experiment is 
analogous to the former ; the sulphur decomposes the 
oxygenized muriatic acid gas, and becomes converted into 
sulphuric acid : but before that effect can take place, the 
attraction of cohesion of the particles of sulphur must be 
demolished, that is to say, the sulphur must be rendered 
fluid, which was not necessary with phosphorus. 

Experiment IX. 

Spontaneous accension of metalHc sulphurets by oxygen- 

ized muriatic acid gas* 

Sulphuret of antimony reduced to a fine powder^ and 
introduced into the gas, in the same manner as was di- 
rected for the accension of the metals, will also take fire. 

A similar effect is produced by this gas on sulphuret of 
mercury, iron, &c. 

A variety of other combustible substances may also be 
inflamed by presenting them to oxygenized muriatic acid 
gas in its nascent state, as was first shown by professor 
Davy#* 

Experiment X. 

Accension of ether ^ alcohol^ or oilofturpenttney by oxygen^ 
ized muriatic acid gas in its nascent state. 

Put into a wine-glass one part of oxygenated muriate of 
potash perfecdy dry, and pour on it two or three of cp- 
lourless sulphuric acid of commerce ; a violent action 
will take place, and oxygenized muriatic acid gas be 
evolved. If, during the extrication of this gas, one part 
of sulphuric ether, alcohol, or oil of turpentine, be 
suflered to fall, into the gas, an accension takes place 
accompanied with a crackling noise. 

R£MARK....In this manner not only all the inflamma- 
ble fluid bodies, but likewise most of the solids, such as 
camphor, resin, tallow, pitch, elastic gum, &c. may easily 
be inflamed* 

* Nl9holsoB*8 Journal^ April 1802^ p. 296. 
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Experiment XL 

Accemion of expressed oik at the surface of water by oxy* 

genized muriatic acid gas. 

Put into a glass cylinder one part of oxygenated muriate 
of potash ; add to it three or four of water, and half a 
part of oil of olives, or of linseed. On adding to it four 
or five parts of concentrated sulphuric acid, a violent action 
takes place, much charcoal becomes deposited, and a mul- 
titude of ignited sparks pass through the black fluid, ex- 
hibiting a beautifiil phenomenon. On adding an additional 
quantity of oxygenated muriate of potash and sulphuric 
acid, the whole mass takes fire, and burns with a dense 
yellow flame* 

Experiment XII. 

Accension of phosphorus in oxygenized muriatic acidgaSy 

under the surface of water. * 

Let fall into a wine glass, or rather into a long cylinder, 
two thirds filled with water, one part of phosphorus, and 
two of oxygenated muriate of potash. On adding to this 
mixture gradually three or four parts of sulphuric or nitric 
acid, the phosphorus takes fire, and burns vividly under 
the surface of die fluid : on agitating the mixture, streams 
of ignited sparks pass through the water rapidly. 

REMARK—.This and the two preceding experiments re» 
quire caution. The operator ought to be distant during 
the affusion of the acids, or the addition of the combusti- 
ble body, which are sometimes thrown out of the vessel to 
a considerable distance. 

Experiment XIIL 

Nitrous gds and oxygenized muriatic acid gas readily 
unite and produce nitro^muriatic acid. 

This may tt shown by sending up into a receiver filled 
with oxygenized muriatic acid gas, bubbles of nitrous gas ; 
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the mixture becomes warm, reddish fumes appear, and 
nitro-muriatic acid is produced. 

RATiONALE«...The nitrous gas takes part of the oxygen 
from the oxyc^enized muriatic acid gas, and becomes con- 
verted into nitrous acid ; it then unites to the oxygena- 
ted muriatic acid gas^ and forms with it nitro-muriatic 
acid, 

EXPERllfENT XIV. 

Decomposition of oxygenized muriatic acid gas by 

ammonia. 

If fresh prepared oxygenized muriatic acid gas and 
ammonia be mingled together over mercury, a rapid de- 
tonation takes place, accompanied with a white flame^ 
and the receiver becomes filled with dense white vapourst 

RATiONALE....The oxygen of the oxygenized muriatic 
acid gas unites to the hydrogen of the ammonia, and pro- 
duces water ; whilst the nitrogen of the ammonia is 
* liberated, and the oxygenated muriatic acid gas becomes 
converted into simple muriatic acid* 

R£MARK.«..ThiB experiment requires caution. The 
cylinder in which the gases are mingled should be very 
strong, and the gases should be mixt in small quantity* . 
The experiment succeeds exceedingly well, if about eight 
cubic inches of ammonia are sent up into a jar holding 
at least fifty cubic inches of oxygenized muriatic acid 
gas* (*JVe Appendix No* 29.) 
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PART XXXI. 



SECT. I. 

THE composition, or the radical, of fluoric acid gas is 
equally unknown ; for no experiments have yet been made 
by which it can be exhibited. It is merely from general in^ 
ference that we may conjecture it to consist of a simple 
acidifiable base united to oxygen* 

PROPERTIES OF FLUORIC ACID GAS. 

The most remarkable property of>^ this gas is its power 
of dissolving silex, and keeping it suspended in the gase-^ 
ous state ; it therefore dissolves glass, crystals, and various 
precious stones. It is heavier than atmospheric air. It 
doe^ not maintain combustion, nor can animals breathe it. 
It is absorbed by water, and forms with it liquid fluoric 
acid. It has a penetrating odour^ approaching nearly to 
that of muriatic acid gas. It corrodes ailimal and vege- 
table niatters. Light has no effect upon it. It emits 
white fumes in contact with moist atmospheric air. It is 
very sour, and therefore reddens blue vegetable colours. 
It precipitates lime water. With ammonia it unites, and 
forms a concrete body. It has no action upon platina, 
gold, silver, mercury, tin, lead, anjimony, ccAialt, nickel, 
or bismuth ; but it attracts iron, arsenic, and manganese. 
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METHODS OF OBTAINING FLUORIC ACID 

GAS. 

1. Fluoric acid gas may be obtained by decomposing 
fluate of lime (Derbyshire spar) by means of sulphuric 
acid. 

For that purpose, put one part of powdered fluate of 
lime into a leaden or tin retort, and pour over it two or 
three parts of concentrated sulphuric acid. A violent 
action takes place instantlyf and fluoric acid gas is extri- 
cated, which must be collected over mercury, either in a 
leaden or tin vessel, or in a glass receiver covered within 
* with a thick coat of varnish or wax. . When no more gas 
is produced spontaneously, the action of the acid must be 
assisted by a gentle heat. 

RATiONAL£....Fluate of lime consists of fluoric acid 
united to lime ; on adding sulphuric acidy a decomposition 
takes place. The sulphuric acid having a greater attrac- 
tion for the lime than die fluoric acid has» unites to it and 
forms sulphate of lime, disengaging at the same time the 
fluoric acid, which takes the gaseous state at the instant 
of its extrication, and appears under the form of fluoric 
acid gas. 

9. Fluoric acid gas may likewise be obtained from li- 
quid fluoric acid (water impregnated with fluoric acid 
gas) by heat. 



SECT. n. 

EXPERIMENTAL PROOFS OF THE PROPER- 
TIES OF FLUORIC ACID GAS. 

#• EXPERIHENT I. 

Fluoric add gas U absorbable by water. 

INTRODUCE into a receiver coated within with wax, 
and filled with fluoric acid gas, a little water, and agitate 
it ; heat will be produced, the gas will vanish, and the 
mercury rise into the receiver. 
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If the water be examined, it will be found to possess 
all the properties of fluoric acid ; it will corrode glass, 
flint, quartz, and other siliceous substances. If it be ex- 
posed to heat9 part of the absorbed gas becomes extricat- 
ed again ; but the last portion adheres to it so strongly, 
that the water and the rest of the acid are volatilized if 
the heat be increased. 



Experiment IL 



Fluoric add gas extinguishes light and tills animals* 

If a lighted taper be plunged into a vessel filled with 
this gas, it will instantly be extinguished. An animal 
thrown into it soon dies. 



EXPERIHENT III. 



Fluoric acid gas dissolves silex, glass ^ quartZy ^c. 

TThis* may be proved by disengaging fluoric acid gas 
from a leaden or tin retort, and collecting the gas in a 
common dry glass receiver* The gas as it enters the 
vessel acts upon the silex of the glass, and the receiver 
becomes opaque, by reason of its internal sur^ce being 
corroded. 

R£MARK....This property of dissolving silex has given 
the idea of etching on glass, either by means of the fluoric 
acid gas or liquid fluoric acid. 



Experiment IV. 



To etch upon glass by means qfjluoric acid gas* 



^ Take a pane of glass, clean it well, and cover it 
ither witn a thin coat of bees wax, isincflass dissolv 



over 
either with a thin coat of bees wax, isinglass dissolved in 
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water, or engravers varnish. When it is dry, trace up- 
on it, by means of a graver or any other sharp pointed 
instrument^ any subject you choose : having done this, 
take some powdered fluate of lime, put it into a leaden 
basin, and pour over it a sufficient quantity of sulphuric 
acid, stirring it with a stick or slip of lead ; then hold the 
pane of glass close over it, in order that the gas which is 
disengaged may act upon the glass, which will soon be- 
come corroded, and appear like engraven when the var- 
nish or coating is removed- To assist the action of the 
sulphuric acid, the basin containing the mixture may be 
held over a lamp, or gentle coal fire. 

This property of fluoric acid gas may be advantageous- 
ly employed for engraving labels on glass bottles intended 
to contain acids ; for graduating glass twbes, thermome* 
ters, &c, for ornamenting glass vessels ; for removing in- 
jured enamels, &c. 

REMARK....The art of etching on glass, which is gene- 
rally considered as of modern date, does not entirely 
belong to our cotemporaries ; even to assert tha< the an* 
cients were altogether unacquainted with it would be 
unjust. It seems rather that this art belongs to the dis- 
coveries which were made in those times in which men 
were little inclined to transmit an account of their inven- 
tions to posterity, and thus may have been forgotten or 
lost. Scheele discovered the fluoric acid, and re-invent- 
ed the art of etching on glass in X771* But that it was 
practised a century before by a German, whose name was 
Swanhard^ we have endeavpured to prove in Nicholson[s 
youmalfor Aprily 1803. Had this person been able to 
pursue properly the discovery which either accident or 
ingenuity presented to him, he might have enriched us 
with an art which acquired great reputation to Scheele a 
hundred years after. 



Experiment V. 

Fluoric acid gas not only dissolves ^ but also volatilizes 

siliceous earth. 

This may be shown by decomposing fluate of lime in a 
glass retort, and receiving the gas in a vessel filled with 
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water, and resting upon mercury. Each bubble of the 
gas which passes through the mercuiy into the water 
becomes immediately enveloped in silex, and kaves, ds it 
ascends to the surface of the watet*, traces in the form of 
tubes, which frequently decrease to a pbint upwards, be- 
cause the bubble diminifihes in proportion, as th^ water 
dissolves it, and the silex is carried off. 

RATiONAL£....The gas when disengaged in the glass 
retort dissolves part of the silex of that vessel, which it 
keeps in an aeriform state. On coming into contact with 
the water it abandons its caloric, and becomes converted 
into liquid fluoric acid, depositing at the same time the 
siliceous earth. 

R£MARK....If substances capable of retaining moisture 
be exposed to fluoric acid gas, holding silex in solution, 
the water they contain will absorb the acid, and the silice- 
ous earth will be precipitated upon them. In this manner 
lizards, frogs, moist fruits, bits of sponge^ &c. may be 
encrusted with a coat of silex. Objects thus covered with 
a close and very hard siliceous crust greatly resemble pe- 
trifactions, and may be preserved for a long time. 



PHOSPHORATED CARBONATED HYDRO 

GEN GAS. 



In Van Mons's Journal de Chimie et de Physique, 
p. 213, is published an account of a new species of gas 
discovered by professor Tromsdorf, which is composed 
of hydrogen, carbon, and phosphorus. It was obtained by 
this gentleman during the de-oxydation of phosphoric acid 
by charcoal, in the common process of distilling phos- 
phorus. Its weight is nearly equal to that of atmospheric 
air. It is not absorbed by water ; oxygen has no efiect 
upon it at common temperatures, but explodes with it by 
the electric spark*. It has no action on metallic oxyds, but 
decomposes the solutions of gold, silver and mercury. 
The products after its detonation with oxygen are car- 
bonic acid gas, phosphoric acid, and water. From these 
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results professor Tromsdorf proposes to call it phospho* 
rated carbonated hydrogen gas. 

No further account of this gas having as yet reached 
us, we are not enabled to enter more fuUy into the sub- 
ject ; but as the learned professor has promised to inves- 
tigate its properties, and publish the results, we may ex- 
pect to be acquainted with it shortly. 
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PART XXXII. 
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AMONG the various operations of chemistiyy none 
acts a more conspicuous part than combustion ; ao^d ill 
proportion to its utility in the science, the necessity of 
thoroughly investigating its nature and mode of action 
becomes more obvious to the philosophical chemist. It 
was a conviction of the importance of this inquiry which 
induced Lavoisier to examine with accuracy the labours 
of his predecessors, and by this pursuit he was enabled 
to form a theory of this process, which though not abso- 
lutely free from error, was such as well entitled its au- 
thor to the distinguished rank he holds among philcrso- 
pher^ And as this theory, though capable of improve- 
ment, will probably, serve for a Coundation to every 
discovery which may be made in this branch pf the sci- 
ence, we shall state it here with a view that our. readers 
may be enabled to appreciate its value. 
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SECT. I. 



LAVOISIER'S THEQRY OF COMBUSTION. 

(SEE APPENDIX NO. 30.) 

LAVOISIER'S theory of combustion is founded upon 
the absorption of oxygen by a combustible body. 

We have seen that bodies cannot burn in a limited 
quantity of air beyond a certain period (p. 260) that a 
real analysis of this fluid is effected ; and that combus- 
tion is not confined to the decomposition of the atmos- 
phere only, by absorbing one of its principles ; but that 
it also decomposes oxygen gas, by absorbing, fixing* and 
rendering more or Iqss solid in the combustible body, the 
oxygen or basis of the oxygen gas, and disengaging its sol- 
vent, the caloric, under the appearance of heat and flame. 
See p. 228. 

Taking this for granted, it follows that combustion is 
only the play of afiinity between oxygen, the matter of 
heat, and a combustible body. 

When an incombustible body, a brick for instance, is 
heated^ it undergoes no change except an augmentation 
of bulk and temperature, and when left to itself It soon 
regains its foriner state. But when a combustible body is 
heated to a certain degree in the open air, it begins to be- 
come on a sudden intensely hdt, and at last emits a copi- 
ous stream of caloric and light to the surrounding bodies. 
During this emission the burning body gradually wastes 
away. It either disappears entirely, or its physical pro- 
perties become totally altered. The principal change it 
suffers is that ^f being no longer capable of combustion. 

If ehher of these phenomena, namely, the emission of 
heat amd light, and the waste of substance, l^ wanting, 
we do not say that a body is undergoing combustion, or 
that it is burning. 

It follows therefore that every theory of combustion 
ought to explain the following facta : 
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!• Why a burning body is consumed, and its indivi- 
duality destroyed. 

2. Why^ during the progress of this alteration, heat and 
light are emitted. 

For the elucidation of these objects, Lavoisier^s theory 
has laid down the following laws : 

1. Combustion cannot take place without the presence 
of oxygen, and is more rapid in proportion to the quantity 
of this agent in contact with the inflamed body. ^ 

2. In ^very act of combustion the oxygen present is 
consumed* 

3. The weight qf the products of every body after 
combustion corresponds with the weight of the body be- 
fore combustion, pltM that of the oxygen consumed. 

4. The oxygen absorbed by the combustible body may 
be recovered from the compound formed, and the weight 
regained will be equal to the weight which disappeared 
during the combustion. 

5. In every instance of combustion, light, and heat, or 
fire, are liberated. 

6. In a limited quantity of air, only a certain quantity 
of the combustible body can be burnt. 

7* The air, wherein a body has been bumtf is ren- 
dered unfit for maintaining combustion, or supporting ani- 
mal life. 

Though every case of combustion requires that light 
and heat should be evolved, yet this process proceeds ve- 
ry diiferently in different circumstances : hence the terms 
ij^tion^ or glowing heat ; inflammoAony or accension ; 
and detonation^ or explosion. 



IGNITION 



Takes place when the combustible body is not in an 
aeriform state. 

Charcoal, pyrophorus, &c. furnish instances of this 
kind. 

It seems as if the phenomenon of glowing was peculiar 
to those bodies which require a considerable quantity of 
oxygen to become converted into the gaseous state. 



37^ Inflammatioru^mFlame ofCatuUes* 

The disengagement of caloric and light ia rendered 
more evident to the senses in the act of 



INFLAMMATION, 



Or Accension. Here the combustible substances are 
more easily converted into an elastic or aeriform state. 
Flame therefore consists of the inflammable matter in the 
act of combustion in the gaseous state. When all cir- 
cumstances are favourable to the complete combustion of 
the products, the flame is perfect ; if this is not the case, 
part of the combustible body^ capable of being converted 
into the gaseous state, passes tHrough the luminous flame 
unburnt, and exhibits the appearance of smoke. Soot 
therefore always indicates an imperfect combustion. 
Hence a common lamp smokes^ an Argand's lamp yields 
no smoke. 

This degree of combustion is very accurately exempli* 
(ied in the 



FLAME OF CANDLES. 



When a candle is first lighted, which must be done by 
the application of actual flame, a degree of heat is given 
to the wick sufiicient to destroy the affinity of its con- 
stituent parts ; part of the tallow is instantly melted, vo- 
latilized, and decomposed ; its hydrogen takes fire, and 
the candle bums* As this is destroyed by combustion 
another portion melts, rises, and supplies its place, and 
undergoes a like decomposition. In this way combustion 
is maintained. The tallow is liquefied as it comes into 
the vicinity of the flame, and is by the capillary attraction 
of the wick drawn up to supply the place of what is de- 
composed ; the unmelted tallow by this means forms a 
kind of cup* 

The congeries of capillary tubes which form the wick is 
blacky because the charcoal of the cotton becomes predo* 



Detonation* JifS 

minant, the circumambient air is defended by the flame 
from oxydating it; it therefore remains for a considerable 
time in its natural state ; but when the wick by the con- 
sumption of tallow becomes too long to support itself 
in a perpendicular position, its upper extremity projects 
nearly out of the cone of the flame, and there forms a 
support for an accumulation of soot, which is produced 
by the imperfect combustion. A candle in this situation 
affords scarcely one tenth of the light it can give, and 
tallow candles on this account require continual snuff- 
ing. 

But if the candle be made of wax, the wick does not 
Ipng occupy its place in the middle of the flame ; its thin* 
' ness makes it bend on one side when its length is too 
great for its Vertical position ; its extremity comes then 
in contact with the air, and is completely burnt or decom- 
posed, except so much of it as is defended by the conti- 
nual afflux of the melted wax. This small wick there- 
fore performs the office of snuffing itself. The difficult 
fusibility of wax enables us to use a thinner wick for it 
than can be used for tallow, which is more fusible. But 
wax being a substance which contains much more oxygen 
than tallow or oil, the light it affords is not so luminous. 



DETONATION 



Is an instantaneous combustion, accompanied with a 
k>ud report ; it takes place in general when the compound 
resulting from the union of two or more bodies occupies 
less space than the substances did before their union ; a 
vacuum is therefore formed, and the surrounding air 
rushing in from all sides to fill it up is the cause of the 
report. 

Gun-powder, fulminating gold^ silver, and mercury, 
oxygenated muriate of potash, and various other explo- 
sive compounds, are capable of producing very loud de- 
tonations, as we shall see hereafter. 

Let us now consider the disengagement of light and 
C/aloric. 
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By the older chemiats it Vas universally supposed that 
the light and heat emitted during cotnbustioii proceeded 
from the inflammable body | and this Opinion would in* 
deed appear unquestionable while the cotoposition of the 
atmosphere was imperfectly known. The burning body 
appeared luminous and felt hot^ and no other agent was 
supposed to be concerned : the conclusion that the light 
and heat were evolved from the burning substance was 
therefore unavoidable. 

But when the nature of the atmosphere was ascertain* 
ed, and when it became evident that part of the air was 
absorbed during coQirbustion, the fortner conclusion fell to 
the ground. For when two bodies exert a mutual action 
on each other, it becomes a priori^ equally probable that 
the products may be derived from either of them ; con- 
sequently the light and heat evolved might proceed either 
from the one or the other. Whether they proceed from 
the atmosphere or from the combustible body, they muat 
be separated at Ae part where the combination take$ 
place ; that is, upon the surface of the burning body it* 
self ; and consequently it appeared luminous and heated^ 
while the air being invisible^ escaped observation. 

When the laws of heat became known, at least when it 
was ascertained that bodies in the aeriform state contain 
at the same temperature, and in equal quantities, either of 
mass or bulk, unequal quantities* of heaty the conclusion 
became probable, that the caloric evolved in combustion 
proceeded rather from the oxygen gas of the atmosphere 
than from the combustible body ; since the former con- 
tains a much larger quantity than the latter. The caloric 
evolved was dierefore supposed to be derived from the 
condensation of the ox> gen gus in the new combination in- 
to i\'hich it entered. 

Though approaching to the truth, this explanation is not 
strictly ti ue. It is not merely from the oxygen gas being 
condensed that the caloric is evolved, because in .many 
cases of conibustion the product stiil exists in the gaseous 
state, and in others liie quantity of caloric evolved bears 
no proportion to the degree of condensation. Philoso- 
phers ascribed this to a change of capacity, for in dif- 
ferent bodies the diiTertnce in the proportion of the 
capacities before and after combustion is by no means 
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uniform, and hence the difference in the quantities of cdl- 
loric extricated in various cases of combustion. 

This being premised, it remains to explain the origin 
of the light emitted during combustion ; for although 
we take it for granted that the caloric is evolved from Ac 
oxygen gas, we cannot infer that the light has the same 
origin. 

It is very probable that light is a constituent part of 
inflammable bodies ; for it is frequently evolved in com* 
binations when the oxygen is merely transferred from one 
inflammable substance to another. In those cases it must 
proceed from the inflammable body. The accension of 
oils by the affusion of acids (page 51) the combustioti of 
metals with sulphur (page 185) furnish instances of the 
kind. 

It seems therefore probable that the lig^t is derived 
from the inflammable substance ; and that the oxygen 
combining with the bases of these substances disengages 
the light. It is possible that part of it may also be derived 
from the oxygen gas, but it is evidently unnecessary to 
suppose so* 

It may be concluded then that light enters into the 
composition of all combustible bodies ; but as we are un- 
able to separate the light so as to obtain these bodies pure^ 
we treat of them as simple bodies. . 

According to this theory, the combustion of phospho* 
rus in oxygen gas (page 228) is therefore the effect of 
a double affinity. The basis of the oxymn gas unites with 
the phosphorus to form phosphoric acid ; and the lig^ 
disengaged from the phosphorus, together with part of 
that of the oxygen gas, produces the vivid flame. 

The quantity of light emitted by different bodies is 
supposed to depend on the quantity contained in them* 
and on the proportion in which it is united to caloric* 

Such is the theory of combustion of Lavoisiert modiied 
by Dr. Parr, Gren, Leonhardi, Richter, &c. 

Other teachers consider this theory as a modification 
of the old doctrine of Stahly saying that light is substU 
tuted for phlogiston ; but this is a mere verbal conceil 
which probably only originates from the prejudice which 
the partisans harbour in favour of the original theory of 
Lavoisier. 
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SECT. IL 



THOMSON'S THEORY OF COMBUSTION. 



I Though the preceding theoiy of combustion is simple 

'i and beautiful, it appears, from what wc are now going to 

I itate^ to be by no means satisfactory. 

\ It has misled cbemists by confining the term combus- 

f tion to the act of oxygenation, and considering that all 

bodies, during their combustion, combine with oxygen ; 
trid9:out at the saine time recollecting, that this latter 
effect may take place without any of the phenomena 
usually attendant on combustion ; and that, though cer* 
taiidy all combustion pre-supposes the combination of 
oxygen with a base, yet this combination may be^ and 
repeatedly w, effected where no combustion can possibly 
take <p]ace. Nothing can- be more evident than the dif- 
ference which in numberless instances prevails between 
the ^ct of oxygenation in bodies and that of combustioO) 
in as much as neither the phenomena attending on, nor 
the Teeiilts arising from, them are the same. That a dis- 
tinction therefore should be made between these processes 
is obvious ; and it is on this account that Dr. Thomson 
has offered a theory which considers this subject ia a new 
point ojf view, and which bids fair to enable us to estimate 
the phenomena of combustion much better than has 
Utherto been done. 

According to Dr. Thomson's* theory, all the bodies 
concerned in combustion are either, 1. CombtistibleSf 2. 
Supporters of Combustion^ 3. Incombustibles. 

I. COMBUSTIBLE BODIES are those substances which 
are said in common language to burru During the com- 
Ibustion they appear to emit light and heat, and at the 
same time gradually waste away. When this change has 
reached its maoeimufn^ the process of combustion is at aa 
end. 

* Nicholson's Journal^ 1803, No. v. p. la 
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The class of combustibles is very numerous; but itlf^e 
bodies belonging to it may be sub-divided into three ftel$, 
namely; '*►.• 

1. Simple combustibles, 
2* Compound combustibles, 
3. Combustible oxyds. 



Simple Combustibles* 

1. SULPHUR. 3. DIAMOND, 

2. PHOSPHORUS, 4. HYDROGEN GAS, 

5. ALL THE METALS. 



Compound Combustibles. 

The compound combustibles consist of compounds^ form- 
ed by the simple combustibles uniting together two and 
two, and are of course much more numerous than the 
simple combustibles. They may be arranged under the 
five following heads : 



1. SULPHURETS, 3. CARBURETS, 

2. PHOSPHURETS, 4. ALLOYS, 

5. SULPHURATED, PHOSPHORATED, 
AND CARBONATED HYDROGEN. 



The combustible oxyds are either simple, having a sin- 
gle base, or compound, having more than one base. All 
the simple combustible oxyds are by combustion convert- 
ed into acids.' 

The compound combustible oxyds are by far the most 
numerous. 

II. The SUPPORTERS of COMBUSTION are bodies which 
are not of themselves, strictly speaking, capable of under- 
going combustion, but which are absolutely necessary for 
the process ; for no combustible body can burn unless 
some one or other of them be present. Whenever they 



^ 



380 ThotMofCs Theory of Combustion. 

are excluded, combustion ceases* All the supporters of 
combustion known at present are the following six : 



1. OXYGEN GAS, 2. AIR, 

3. GASEOUS OX YD OF NITROGEN, 

4. NITROUS GAS, 5. NITRIC ACID, 
6* OXYGENIZED MURIATIC ACID. 



There are indeed certain substances besides these 
which possess nearly the same properties ; these shaH 
be afterwards enumerated under the tide of partial sup- 
porters. 

They all contain one common principle, namely, 
oxygeru 

III. The iNcos^BUSTiBLE BODIES are neither capable 
of undergoing combustion themselves, nor of supporting 
the combustion of those bodies that are ; they are there- 
fore not immediately connected with combustion. At 
present we are acquainted with about 13 incombustible 
bodies, not reckoning the compounds which they are ca- 
pable of forming with each other. These are^ 



1. NITROGEN GAS, 2. THE ALKALIES, 

3. THE EARTHS. 

\ Some of the alkalies and earths possess certain proper- 

ties in common with combustibles, and are capable of ex- 
hibiting phenomena somewhat analogous to combustion ; 
which will be described afterwards under the title of semi- 

I combustion. 

3. In every case of combustion there must therefore 
be present a combustiblehodj^ and a supporter of combus- 
tion. During combustion, the combustible always unites 
with the oxygen of the supporter. It is this corrtbination 
which occasions the apparent xvaste and alteration of the 
combustible. The new compound thus formed is a pro- 
duct of combitstion. Every product of combustion is ei- 
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ther, !• water ^ or 2« an ac2^, or 3. a metallic oxyd. It is 
true indeed, that other bodies sometimes make their ap* 
pearance during combustion* but these will be found upon 
examination not to be products, nor to hare undergone 
combustion. 

Thus one of the two characteristic marks which dis- 
tinguish combustion, namely, the apparent waste and 
alteration of the combustible body ^ has been fully explained* 
For the explanation of it we are indebted to Lavoisier, 
as stated before. 

But though the combination of the combustible with 
oxygen be a constant part of combustion) yet the facility 
with which combustibles burn is not proportional to their 
apparent affinity for oxygen. 

Phosphorus, fof instance, bums more readily than 
charcoal; yet charcoal is capable of abstracting oxygen 
from phosphorus, and of course has a greater affinity for 
it. The combustible oxyds take fire more readily than 
some of the simple combustibles ; thus charcoal bums 
more easily than diamond : alcohol, ether, and oils, are 
exceedingly combustible, whereas all the metals require 
very high temperatures when the supporter is air. 

This greater combustibility of combustible oxyds is pro- 
bably owing to the weaker affinity by which their particles 
are united. Hence they are more easily separated than 
homogeneous particles, and of course combine more rea- 
dily with oxygen ; those simple combustibles which melt 
easily, or which are in the state of elastic fluids, are also 
very combustible, because the cohesion between their par- 
ticles is easily overcome. 

It is owing to the same inferiority in the cohesion of 
heterogeneous particles, that some of the compound sup- 
porters occasion combustion in circumstances when the 
combustibles would not be acted on by simple suppor- 
ters. 

Thus phosphorus bums in air at the common tem- 
perature ; but it does not bum in oxygen gas, unless 
its temperature be raised.* In oxygenized muriatic acid 
gas, phosphorus burns rapidly at the common tem- 
perature of the air, and so do several of the metals ; 
though they cannot be made to burn in air except at a 
very high temperature. Thus also oils bum rapidly when 

* In tko gaseous oxyd of nitrogen it requii^es a still higher teinp«fa- 
turc. 
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mixed with nitrous acid (p. 51). Nitrous gas and the 
gaseous oxyd of nitrogen constitute exceptions to this 
rule. 

4« None of the products of combustion are combustible 
according to the definition of this process here given* This 
want of combustibility is not owing to their being saturated 
with oxygen ; for several of them are capable of combin- 
ing with an additional dose oi it. But during this combi- 
nation no caloric or light is ever emitted ; and the com- 
pound formed differs essentially from a product oi combus- 
tion; for by this additional dose of oxygen, xiiQ product is 
converted into a supporter* Hence we see that comlmstion 
ought not to be confounded with the combination of a body 
with oxygen as is generally done. 

Combustion indeed cannot take place without the com- 
bination of oxygen ; but oxygen may combine with bodies 
in different proportions without the phenomena of com- 
bustion ; and the product obtained is capable of becoming 
converted into a supporter of combustion^ for instance : If 
lead be melted, and kept so for some time, it becoiites 
covered with a white pellicle, or white oocyd of lead^ a 
product consisting of oxygen and lead ; but if this white 
oxyd is suffered to be heated longer, it absorbs an addi- 
tional quantity of oxygen, and becomes converted into a 
yellow powder, called yellow oxyd of lead. If this yellow 
oxyd be again exposed to heat, it absorbs still more oxygen, 
and becomes converted into red oxyd of lead* All these 
oxyds are therefore supporters* When the supporters ^ that 
formed by the combination of oxygen with products^ are 
made to support combustion, they do not lose all their 
oxygen, but only the additional dose which constituted 
them supporters. Of course they are again reduced to 
their original state of products of combustion. Hence it 
follows, that they owe their properties as supporters, not 
to the whole of the oxygen which they contain, but to the 
additional dose which constituted them supporters. We 
may therefore call them partial supporters ; indicating hy 
the term, that part only of their oxygen is capable of sup- 
porting combustion, and not the whole.* 

* Dr. Thomson supposes that it is very possible that both nitrogen and 
muriatic acid may be products of combustion ; and in that case both the 
compound and partial supporters would agree with each other in every 
respect. In the present state of our knowledge, however, it is neces- 
sary to distingTiish theip. 
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All the partial supporters with which we are acquainted) 
contain a metallic basis ; for metallic oxyds are the only 
products at present known capable of combining with an 
additional dose of oxygen* It is a circumstance highly 
deserving attention ; diat when metals are capable of com- • 
bining with several doses of oxygen, the product or oxyd 
formed by combustion is seldom or never that which con« 
tains a maximum of oxygen* 

Thus it is evident that several of the products of 
combustion are capable of combining with oxygen* The 
incombustibility of products^ therefore^ is not owing to their 
want of affinity for oxygen^ but to some other cause* 

5* No product of combustion is capable of supporting 
combustion. This is not occasioned by any want of affini- 
ty for combustible bodies ; for several of them are capable 
of combining with an additional dose of their basis. But 
by this combination they hse their properties as products, 
and are converted into combustibles* The process therefore 
diifers essentially from combustion* Thus sulphuric acid, 
a product of combustion^ by combining with an additional 
dose of sulphur or its oxyd, is converted into sulphureous 
acidy a substance which, from several of its properties, the 
doctor concludes to be combustible* Thus also phosphoric 
acid, a product of combustion, is capable of combining 
with phosphorated hydrogeny and of forming phosphorous 
acid, a combustible body* When this last acid is heated 
in contact with a supporter, it undergoes combustion ; but 
it is only the additional dose of the combustible which 
humsy and the whole is converted into phosphoric acid* 
Hence we see that it is not the whole basis of these com- 
pounds which is combustible, but merely the additional 
dose* The compounds^ therefore, formed by the union 
of a product and combustible, may be termed partial com- 
bustibles ; indicating by the name, that a part only of the 
base is capable of undergoing combustion* Since the pro- 
ducts of combustion are capable of combining with oxygen, 
but never exhibit the phenomena of combustion except 
when they are in the state of partial combustibles, com* 
bustible bodies must contain a substance which they lose 
in burning, and to which they owe their combustibility ; 
for after they have lost it* they unite to oxygen without 
exhibiting the phenomena of coiQJbustion* 
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Though the products of combustion are not capable of 
supporting combustion, they not unfrequently part with 
their oxygen just as supporters do, give it out to combus- 
tibles, and convert them into products ; but during this 
► process, no heat or light is ever evolved. Water, for 
instance, g^ves out its oxygen to iron, and converts it into 
black oxydy a product, and sulphuric acid gives out its 
oxygen, to phosphorus, and converts it into phosphoric 
acid* ' Thus we see that the oxygen of products is capable 
of converting combustibles into products, just as the oxy- 
gen of supporters ; but during the combination of the 
last only are heat and light emitted* The oxygen of sup- 
porters then contains something which the oxygen of pro- 
ducts wants* 

6* Whenever the whole of the oxygen is abstracted from 
products, the combustibility of their base is restored as 
completely as before combustion ; but no substance is 
capable of abstracting the whole of the oxygen, except a 
combustible or a partial combustible* Water, for instance, 
is a product of combustion, whose base is hydrogen* To 
restore the combustibility of the hydrogen, we have only 
to mix water with iron or zinc filings and an acid ; the 
metal is oxydated, and the hydrogen gas is evolved as 
combustible as ever* But no substance, except a com- 
bustible, is capable of separating hydrogen gas from water 
by combining with its oxygen* Thus we see that com- 
bustibles are capable of restoring the combustibility of the , 
bases of products, but they themselves lose their combus- 
tibility by the process, and are converted into products. 
Combustibility, therefore, may be thrown at pleasure from 
one body to another* 

From these facts it is obvious, that the products of com- 
bustion may be formed without combustion ; but in these 
cases a new combustible is always evolved* The process 
is merely an interchange of combustibility ; for the com- 
bustible is converted into a product only by meansof a 
product* Both the oxygen and the base of the product 
having undergone combustion, have lost something which 
is essential to combustion. The process is merely a double 
decomposition* The product, yields its oxygen to the 
combustible while at the same time the combustible gives 
out something to the base of the product ; the combusti- 
bility of that base then is restored by the loss of its oxy- 
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gen, and by the restoration of something which it re- 
ceives from the other combustible thus converted into a 
product. 

There is indeed another method of forming the pro- 
ducts of combustion, without actual combustion in certain 
cases ; but the phenomena are much more complicated* 
This method is to expose them to the action of some of 
the supporters dissolved in water, especially nitric acid* 
Thus most of the metallic oxyds may be formed without 
combustion by the action of that acid on the metals* But 
in that case a new supporter is always evolved, namely, 
nitrous gas ; ammonia, a new combustible, is also usually 
formed ; and not unfrequently the product is converted 
into a partial supporter* 

r. No supporter can be produced by combustion, or by 
any equivalent process* As all the supporters, except 
oxygen gas, consist of oxygen combined with a base, it 
follows as a consequence, that oxygen may combine widi 
a base without losing that ingredient, which occasions 
combustion. The act of combination of oxygen with a 
base, therefore, is by no means the same with combustion* 
If we take a view of the different supporters, we shall 
find that all of them which can be obtained artificially 
are procured* either from other supporters or by the 
agency of electricity* 

I* Oxygen gas may be procured from nitric acid and 
oxygenated muriatic acid, two supporters ; and from 
several of the partial supporters, as the black oxyd of 
manganese, the red oxyds of lead and of mercury* The 
action of heat is always necessary ; but the process is 
very diflPerent from combustion* 

II. Air, as far as is known at present, cannot be formed 
artificially* The gas, indeed, which comes over during part 
of the usual distillation of nitrate of potash and sulphuric 
acid to obtain nitrous acid, resembles air very closely* But 
it is obtained from a supporter* 

III* The GASEOUS OXYD OP KiTROGEN has hitherto been 
only procured from nitrous gas and nitric acid (nitrate of 
ammonia) both of which are supporters* 

IV. Nitrous gas can only be procured by the decom- 
position of nitric aci49 a supporter* 
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V. Oxygenized muriatic acid can be formed by- 
combining muriatic acid with the oxygen of the black 
oxyd of manganese, the red oxyds of lead, iron, mercury 
&c. all of which are partial supporters. . 

VI. Nitric acid is formed spontaneously upon the 
surface of the earth, by processes with which we are but 
imperfectly acquainted ; but which certainly have no 
resemblance to combustion. Its oxygen is probably fur- 
nished by the atr^ wjiich is a supporter : at least it has 
been observed, that nitrogen and oxygen at high tempera- 
tures are capable of forming nitric acid. 

This formation of nitric acid by means of electricity 
has been considered as a combustion, but for what reason 
it is not easy to say ; the substance acted upon is not 
a combustible with a supporter, but a supporter alone. 
Electricity is so far from being equivalent to combustion, 
that it sometimes in a manner acts diametrically opposite ; 
unburning'yif we may use the expression, a substance which 
has already undergone combustion, and converting a 
product into a combustible and a supporter. Thus it decom- 
poses water, and converts it into oxygen and hydrogen gas ; 
thereforfe it must be capable of supplying the substances 
which the oxygen and combustible lose when they combine 
by combustion, and form a product.* 

8, Several of the supporters and partial supporters are 
capable of combining with combustibles, without undergor 
ing decomposition, or exhibiting the phenomena of com- 
bustion. In this manner the yellow oxyd of gold and the 
white oxyd qf silver combine with ammonia ; the red oxyd 
of mercury with oxalic acid ; and oxygenized muriatic acid 
with ammonia. Thus also nitrate of potash and oxygenated 
muriate of potash may be combined, or at least intimatelv 
mixed with several combustible bodies, as in gun-powder, 
fulminating powder, 8cc. In all these compounds, the oxy- 
gen of the supporter and the combustible retain the ingre-^ 
dients which render them susceptible of combustion ; 
hence the compound is still combustible ; and in conse- 
quence of the intimate combination' of the component parts, 
the least alteration is apt to destroy the equilibrium which 
subsists between them ; the consequence is, combustion 

• The doctor does not mean to affirm that ejectricity never occasions 
combustion, the contrary of which is well known, but that a combination 
produced by it is not always the same with combustion. 
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and the formation of a new compound. Hence these 
compounds burn with amazing facility, not only when 
heated, but when triturated or struck smartly with a 
hammer. They have therefore received the name of 
detonating or fulminating bodies. Thus we have fulmi- 
nating gold, fulminating silver, fulminating mercury, ful- 
minating powder, &c. 

9. Such are the properties of the combustibles, the 
supporters and the products : and such the phenomena 
which they exhibit when made to act upon each other. 

If we compare together the supporters and the products^ 
we shall find that they resemble each other in many re- 
spects. Both of them contain oxygen as an essential con- 
stituent part ; both are capable of converting combustibles 
into products } and several of both combine with combus- 
tibles, and with additional doses of oxygen. But they 
differ from each other in their effects oh combustibles* 
The former only produce combustion ; whereas the pro- 
ducts convert combustibles into products without 'combus- 
tion. Now, as the ultimate change produced upon com- 
bustibles by both these sets of bodies is the san^, and as 
the substance which combines with the combustibles is in 
both cases the same, namely oxygen, we must conclude 
that this oxygen in the supporters contains something 
which the oxygen of the products wants, something which 
separates during the passage of the oxygen from the pro- 
duct to the combustible, and occasions the combustion, 
or emission of fire, which accompanies this passage. The 
oxygen of supporters then contains some ingredient which 
the oxygen of products wants. Many circumstances con- 
cur to render it probable that this ingredient is caloric. 

The combustibles and the products also resemble each 
other. Both of them contain the same or a similar base ; 
both frequently combine with combustibles, and likewise 
with oxygen; but they differ Essentially in the phenomena 
which accompany {heir combination with oxygen. In the 
one cas^fre is emitted^ in the other not. If we recollect 
that no substance but a combustible is capable of restoring 
combustibility %o the base of a product, and that at its 
doing so it always loses its own combustibility; and if we 
recollect farther, that the base of a product does not exhi- 
bit the phenomena of combustion even when it combines 
with oxygen ; we cannot avoid concluding, that all com- 
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bustibles contain an ingredient which they lose \frhen con- 
verted into products, and that this loss contributes to the 
fire which makes its appearance during the conversion. 
Many circumstances contribute to render it probable that 
this ingredient is light. 

If we suppose that the oxygen of the supporters contains 
caloric as an essential ingredient, and that light is a com- 
ponent part of all combustibles^ the phenomena of combus- 
tion above enumerated, numerous and intricate as they 
are, admit of an easy and obvious explanation. The com- 
ponent parts of the oxygen of supporters are two ; namely, 
1. a base^ 2. caloric : The component parts of combustibles 
are likewise two ; namely, 1. a base, 3* light. During 
combustion the base of the oxygen combines with the base 
of the combustible, and forms the product; while at 
the same time the caloric of the oxygen combines with 
the light of the combustible, and the compound flies off 
in the form of fire. Thus coihbustion is a double decom- 
position ; the oxygen and combustible divide themselves 
each into two portions, which combine in pairs ; the one 
compound is the product^ and the other the fire^ which 
escapes. 

Hence the reason that the oxygen of products is unfit for 
combustion. It wants its caloric* Hence the reason th^t 
combustion does not take place when oxygen combines 
with products or with the base of supporters. These 
bodies contain no light. The caloric of the oxygen of 
course is not separated, and no fire appears. And this 
oxygen still retaining its caloric, is capable of producing 

?;ombustion whenever a body is presented which contains 
ight, and whose base has an affinity for oxygen. Hence 
also the reason why a combustible alone can restore com- 
bustibility to the base of a product. In all such cases a 
double decomposition takes place. The oxygen of the 
product combines with the base of thg combustible, while 
'the light of the combustible combines with the base of the 
product. 

But the application of this theory to all the different 
phenomena described above is so obvious, that it is need- 
less to give any more examples. Let us rather inquire, 
with the author, into the evidences which can be brought 
forward in its support. 
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10* As caloric and light are alwajrs emitted during 
oonibustioii, it follows that they must have previously ex- 
isted, in the combustible, the supporter^ or in both. 

That the oxygen of the supporters contains «either oi^e 
or both of these substances, follows incontrovertibly from 
a fact already mentioned, namely, that the oxygen of pro- 
ducts will not support combustion, while that of support- 
ers will. Hence the oxygen of supporters must contain 
something which the oxygen of the products wants^ and 
this something must be caloric or light, or both. 

That the oxygen of some of the supporters at least con- 
tains caloric as an ingredient, has been proved in a satis- 
factory manner by the experiments of Crawford, Lavoi- 
sier, and La place. Thus the temperature of hot-blooded 
animals is maintained by the decomposition of air. 
Now if the oxygen of one supporter contains caloric, 
the same ingredient must exist in the oxygen of every 
supporter, because att of them are obviously in the same 
state. Hence we conclude that the oxygen of every sup- 
porter contains caloric as an essential ingredient. 

The light emitted during combustion must either pro- 
ceed from the combustible ol* the supporter. That it pro- 
ceeds from the combustible must appear pretty obvious, 
if we recollect that the colour of the light emitted during 
combustion varies, and that this variation usually depends, 
not upon the supporter, but upon the combustible. Thus 
charcoal bums with a red flame, sulphur with a blue or 
violet, zinc, with a greenish white, phosphorus with a 
white flame, &c. 

The formation of combustibles in plants obviously re- 
quires the presence and agency of light. The leaves of 
plants emit oxygen gas when exposed to the sun's rays, 
but never in the shade or in the dark. 

Besides vegetation, we are acquainted with two other 
methods of unbuminff products, or of converting them 
into products and combustibles, by exposing them in cer- 
tain circumstances, to the agency oifire or oi electricity. 
The oxyds of lead, mercury, &c. when heated to redness, 
are decomposed, oxygen gas is emitted, and the pure me- 
tal remains behind. In this case the necessary caloric 
and light must be furnished by the fire ; a circumstance 
which explains why such reductions always require a red 
heat. When carbonic acid is made to pass repeatedly 
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over red-hot charcoal, it combmes with a portion of char- 
coal, and is converted into gaseous oxyd of carbon. 
If this gas be a combustible oxyd, the base of the carbonic 
acid and i$s o^^ygen must have been supplied with light 
and caloric from the fire ; but if it be a partial combu^ti^ 
ble^ it is merely a compound of carbolic acid and char- 
coal : which of the two it is, remains still to be ascer- 
tained. 

Electricity decomposes water, and converts it into oxy- 
gen gas and hydrogen gas ; it must therefore supply the 
heat and the light which these bodies lost when converted 
into a product. 

These facts, together with the exact correspondence of 
the theory given above with the phenomena of combus- 
tion, render it so probable, that Dr. Thomson has ven- 
tured to propose it as an additional step towards a full 
explanation of the theory of combustion. Every addi- 
tional experiment has served to confirm it more and more. 
It even throws light upon the curious experiments of the 
accension of metals with sulphur, which succeed^ as stat- 
ed already, in vacuo^ under mercury, in nitrogen gas, &c. 

Dr. Thomson has noticed that the same emission of 
caloric and light, or ofy/r^, takes place when melted sul-- 
phur is made to combine with potash, or with lime, in a 
crucible or glass tube, and likewise when melted phos- 
phorus is made to combine with lime heated to redness. 
He supposes that in all probability barytes and strontia 
exhibit the same phenomenon when combined with melt- 
ed sulphur or phosphorus ; and perhaps some of the me- 
tals when combined with phosphorus. 

The phenomena Dr. Thomson explains thus : The 
sulphur and phosphorus are in a melted state, and there- 
fore contain caloric as an ingredient ; the alkalies, earths, 
and metals which produce the phenomenon in question, 
contain light as an essential ingredient. The sulphur or 
phosphorus combines with the metal, earth, or alkali ; 
while at the same time tke caloric^ to which the sul- 
phur or phosphorus owed its fluidity, combines with the 
light of the metal, earth, or alkali ; and the compound 
flies off" under the form oijire* 

Thus the process is exactly the same with combustion., 
excepting as far as regards* the product. The melted 
sulphur or phosphorus acts the part of the supporter^ while 
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the metal) earthy or alkali, occupies the place of the combus* 
tible* The first furnishes caloric, the second light, while 
the base of each combines together. Hence we see that 
the base of sulphurets and phosphurets resembles the 
base of products in being destitute of light, the formation 
of 'these bodies exhibiting the separation of fire like 
combustion ; but the product differing from a product of 
combustion in being destitute of oxygen, Dr. Thomson 
distinguishes the process by the tide of semi^combustion ; 
indicating by the term, that it possesses one half of the 
characteristic marks of combustion^ but is destitute of the 
other half. 

The only part of this theory which requires proof is, 
that light is a component part of the earths and alkalies. 
But as potash and lime are the only bodies of that nature 
which we are certain to be capable of exhibiting the phe- 
nomena of semi-combustion, the proofs must of necessity 
be confined to them. That lime contains light as a com- 
ponent part has been long known. Meyer and Pelletier 
observed long ago, that when water is poured upon lime, 
not only heat but light is emitted. Light is emitted also 
abundantly when sulphuric acid is poured upon magnesia, 
or upon lime, potash, or soda, freed from the water 
of crystalli2ation. In all these cases a semi-combustion 
takes place. The water and the acid being solidifi- 
ed give out caloric^ while the lime or potash gives out 
light* 

That lime during its burning combines with light, and 
that light is a component part of lime, is demonstrated by 
the following experiment, for which we are indebted to 
Scheele. 

It has been mentioned already that fluor spar (fluate of 
lime) has the property of phosphorescing strongly when 
heated, but the experiment does not succeed twice with 
the same specimen. After it has been once heated suffi- 
ciently, no subsequent heat will cause it *^o phosphoresce. 
Now phosphorescence is merely the enJssion of light ; 
light of course is a component part of fluor spar, and heat 
has the property of separating it. But the phosphorescing 
quality of rfie spar may be again recovered to it, or which 
is the same thing, the light which the spar had lost may be 
restored by the following process : 
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Decompode the filiate of lime by sulphuric acid, and 
preserve the fiuoric acid separate* Boil the sulphate of 
lime thus formed with a sufficient quantity of carbonate 
of soda ; a double decomposition tales place ; sulphate 
of soda remains in solution ; and carbonate of lime pre- 
cipitates. Ignite this precipitate in a crucible dll it is re- 
duced to lime, and combine it with the fluoric acid to 
which it was formerly united. The fiuor spar thus re- 
generated phosphoresces as at first* Hence the lime 
during its ignition must have combined with light* 

That potash contains light, may be proved in the same 
manner as the existence of that body in lime* Now as 
potash is deprived of its carbonic •aci4 by lime, the doctor 
supposes that the process must be a double decomposition; 
namely^ that the base of the lime combines with carbonic 
acid, while its light combines with the potash* 

These remarks on semi-combustion might easily be 
much enlarged upon. For it is obvious that whenever 
a liquid combines with a solid containing light, and the 
product is a solid body, something analogous to senai-* 
combustion must take place. Hence the reason why water 
increases the violence of combustion when thrown spar- 
ingly into a common fire, &c* 

Such is the theory of Dr* Thomson, against which a 
few objections have been advanced by an anonymous 
writer (Nichokon's Journal, July 1802, p. 206.) but 
there is little doubt that these objections will soon be re- 
conciled, when the ingenious investigations of Dr. 
Thomson have been the subject of further consideration* 
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Stahlean Theo ry. It is necessary to explain what is the Stahlcan Theo- 
ry according to which, there is only one substance in nature capable 
of beinff burnt or inflamed. Combustion therefore according ^ Stahl, 
consisted in the disunion of this principle of kiflammability caUed by him 
MLooisTow, from the inflammable body : during combustion the phlo- 
riston combines with heat, and is exhibited when so combined m tJie 
form of fire or flame : when all the phlogiston is disunited from the in- 
flammable body, this latter is no longer inflammable. Accordmg to Oiis 
theory, metals are peculiar eartlis united chemically to phlogiston ; when 
by exposure to strong heat in the open air, or by solution in acids the 
phlogiston is separated, the metals lose their metallic properties, and 
become calcined ; the term caLpy or metallic calx, meaning under that 
theory, what oxvd means now. Those metals which would not part with 
their phlogiston by calcination in the open air, such as gold and silver, 
and whose calces could regain it without the addition of inflammable mat- 
ter, were tbsi perfect metals : the rest were called imperfect met^s. Wheh 
by means of heat, the uninflammable calx of a metal was treated with anV 
inflammable substance, as charcoal, the phlogiston of the charcoal left 
the charcoal, and united with the metallic earth or calx : m this case, 
the charcoal became an incombustible substance, and the metallic earth 
was reduced (i. e. brought back to a metalline state) or revived; and 
agamacquired the property of being combustible. 

So when sulphur was burnt in open air, it became converted mtothc 
sulphuric or vitriolic acid (so caUed becai|^se this acid used formerly to 
be procured from green vitriol.) Here then, the phlogiston of the sulphur 
beinff burnt away, the sulphur became an incombustible acid. When 
this acid was treated with phlogistic or inflammable substances, it be- 
came sulphur again, as when sulphate of soda was fused with charcoal 
in a strong heat So when the combination of potash and sulphur caUed 
liver of sulphur, was exposed to heat in open au-, the produce was 
sulphate of potash. The inference seemed clear that combustion con- 
sisted in nothing more than the separation, by means of hea^ of phlo- 
giston, or the one common principle of mflammability, from the 
lodies with which it was united ; that bodies united with or contain- 
ing phlogiston, as wood, wax, oils, resiiv., charcoal, coal, &c. were 
combust5)le and inflammable, in consequence of this union alone ; and 
when disunited were no longer so. 
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But John Bey, ii French chemist, bad noticed that metallic earths 
or calces acquired weight during their calcination ; and Lavoisier by a 
train of most ingenious experiments, showed that the weight thus ac- 

Suirect was owing to the oxygen or pure part of atmospheric air imbibed 
uring the process of calcination [oxydation.] That sulphur, also» on 
being burnt, absorbed and combined with, the oxygen of the atmos' 
phere, and an acid was produced heavier than the sulphur employed, by 
the whole weight of pure or oxygen air which the atoiospheric air had 
lost during the process. 

Stahl's meory, therefore, could not be true, which explained combus- 
tion by means of the lost of one of the principles of the inflamed body ; 
for instead of gaining in we^ht, it ought, according to that theory, to 
lose in weight. Kirwan, Keir, and Priestley long opposed this reason- 
ing. Phlogiston, they said, was the inflammable air (hydrogen as it 
is now called) which was separated from metals duffing their solution in 
acids, and which formed a part of all combustible bodies. Still the acces- 
sion of weight, where there ought to be a loss of weight, was not ac- 
counted for. 

The French chemists then went further, and showed that the inflam- 
mable air came from the water, and neither from the metal nor the acid. 
They decomposed water into inflammable air and pure air, (hydrogen 
and oxygen) they composed water, by burning together, gradually, 
streams of hydrogen and oxygen : they snowed that sulphur and oxygen 
formed sulphuric acid ; tliat metals and oxygen formed metallic earths, 
calces or oxyds. They showed that when the oxygen was driven off, the 
metal was revived, without the addition of any principle of inflamma- 
bility for the pui-pose. For the Stahlean Theoiy therefore, which 
made combustion to consist in the extrication of pnlogiston by means 
of heat, they substituted the Lavoiserian or French Theory, which 
makes it to consist in tlie imion of oxygen to an inflammable body. That 
theory has long reigned triumphant; but facts seem to indicate never- 
theless, that ^ere is such a substance as phlogiston, a principle of 
inflammability common to all bodies capable of being inflamed ; and 
when united to caloric, forming hydrogen gas ; and producing heat, 
and sometimes flame when it suddenly and violently unites to oxy- 
gen i and that combustion is nothing more than the union of oxygen 
and phlogiston, dm-ing which the latent heat of tlie two bodies tnus 
combining, is set free ; this heat is more violent in proportion to the 
quantity of the two substxinces combined, and the suadenness of their 
combination. 
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Dr. Hutton^s Theory has been very ably defended and illustrated by 
Professor Plavfair of Edinburgh : and Dr. James Hall in his papers on 
the Effects of Heat Modified by Compression (13 and 14 Nicliolson^s 
Journal) has shown that many appearances of carbonate of lime, which 
it was supposed nothing but watery solution could occasion, may be 
produced by heat, under a pressure which prevents the escape of the 
carbonic acid. His experiments also go far to show that the coal forma- 
tions have probably been pi-oduced in the same way. 
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The facts hitherto observed, show, that all the transition sjid secon 
dary mountains have at one time or other been covered with water ; 
for the vegetable and animal remains found in them, can no otherwise 
be accounted for. But facts hitherto observed, do not show the same 
as to the granite and porph3rry ridges which form the highest points 
of the hignest mountains. There is no satisfactory evi&nce of any 
such remains being found in these primitive formations ; which are 
so denominated anc^ classed, from the fact of their containing no such 
remains. 
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Vegetables are fixed by the root, but they have loco-motion in thei? 
stem, branches, and leaves. The sun-flower has been observed to have 
its disk mostly turned to the sun. The hop winds round the pole in ft 
similar direction. Let light be admitted, only through a hole, into an 
apartment, and a plant placed there will shoot in that direction. The 
roots of plants growing on walls, as house-leek, and of trees growing 
amid rocks, will turn out of their way to seek for nourishment, in joints 
and crevices. The contraction of the various species of mimosa or 
sensitive plant, of the dioncea muscipula, or Venus*s fly-trap, of South 
Carolina, the hedasgrum gyrans — the bending of the stamina of the 
water-lily, to facilitate the process of impregnation, and many other 
facts collected by Dr. Percival, of Manchester, the bishop of tandafl^ 
and Dr. Smitli, of Litchfield, tend to make it rather probable than 
otherwise, that vegetables have the faculty of sensation, if notof volun- 
tarity ; and that the living vegetable, like the living animal fibre, is, in all 
cases, endowed with the property of contractility, on the application 
^f appropriate stimuli. 
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The only two essential properties of matter are extension and imp0* 
7ie«ra6t7»Vy, frequently, though improperly, termed solidity ; for tlie oppo- 
site to solidity, is fluidity. 

These two properties of matter, are resolvable into the properties of 
attraction and repulsion, which appertain to every particle of matter at 
^iven distances ; and as the planetary system has, so also has each par- 
ticle of matter, centripetal and centrifugal forces. Matter is not inac- 
tive and inert, but is incessantly repelling or attracting other matter. 

A few observations on this subject, not usually noticed in elementa- 
ry books of chemistry or natural philosophy, may not be out of 
place. 

Father Boscovick, in his Theoria Philosophise Naturalis, Mr. Mitchell, 
in the Philosophical Transactions, and Dr. Priestly, in his Treatise on 
Matter and Spirit, particularly the latter, have suggested that all mat- 
ter may be permeable to other matter; and that mere physical points. 



I 

1 



396 AY»ZKBIX% 

endowed with the properties of attraction and repulsion, are sidBckBt 
to account, in a general way, for all the phenomena of the materal 
world. This opinion appears to be liable to an insuperable objectkn. 
Every property must be the property Kfi^jmelhmg. A property is Qot 
coriceiTixble, which is the property of nothing. In ^le cbsracter of 
relate and correlate, something b necessari^ implied, as the subject t» 
which a property or attribute is attached— in whidi. it inhfipes— 
to which it belongs. If there be attraction and repulsicm, theve must 
be something which attracts and repels, which it attracted and repel- 
led. This cannot be. a mere ens rationis, a non-enti^^ a physical point 
There are, therefore, primary atoms or moleculea of matter, wfcich, at 
certain distances, attract each other, and by means thereof, coheie and 
form an extended body. For if they were not connected by such a sau- 
tual attractive power, they would separate, and no extended body 
would appear. Hence, extennon^ depands on the attractive power be- 
longing to each particle of matter, mutually exerted. 

But at certain dbtances, each paviicle of Better, and each oongeries 
of particles repel each other, that is, prevent any other particle or col- 
lection of particles, from occupyih^ the same portion of space. I press 
my hand against a table, and I find it is resisted or repelled. This pro- 
perty is the property of repulsion, and gives rise to me other attribute 
or quality of matter, impenetr ability. 

That each particle of matter keeps each other at a distance, and that 
no two particles (atoms or molecules) are in absolute contact, appears 
probable from the following facts. 

1st All the great masses of matter, as the planetary system, require 
Ijoth attractive and repulsive powers (centripetal and centrifugal forces) 
to account for the phenomena they present. 

2dly. The particles whereof all known bodies on the earth's surface 
fare composed, can be brought nearer by cold, and removed farther from 
^uch other by heat, without solution of continuity. This is the founda- 
tion, of all exjierinjeuts with the thermometer and pyrometer. Thus, 
mercury and spii'it of wine, expaikl in tlie glass tube, on the application 
of heat. ' If a polished cylinder of tin, which accurately fits a ring, be 
exposed to a boiling hea^ it will no longer pass thi-ough the ring. 

3dly. Sir Isaac Newton has shown that the particles of light arc re- 
flected and refracted before they come in actual contact witli the body 
which produces this effect. See -the third book of his optics, and the 
three first querie§. So, a convex lens laid upon a polished glass, docs 
not touch it by the 137th of an inch ; a distance that can be diminished 
but not annihilated by great pressiu^. 

4th]y. Mr. Mitchell has shown, that a drop of water rolling on acJ^b- 
bage leaf, is never in actual contact with the leaf. 

Sthly. A drop of oil pom-ed upon water, is not in contact with the wa^ 
ter whereoi^ it rests. 

6thly. Dr. Priestly has shown, that it requires considerable force to 
bring pieces of money, lying on top of one another, into sensible or ap- 
parent contact. 

Tthly. The electric spark is visible at every link ofa suspended chain, 
forming part of an electrical circuit 

8thly. In all cases of crystallization, as the particles when crystal- 
lized, occupy (as in the case of ice) more room than before, the parti- 
cles mu^t be repelled, as well as attracted, in the direction necessary 
to form the crystal. 

^ It has been supposed that all the various kinds of attraction and rcpiu- 
sion, are mere modifications of one and the same general property of the 
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ultimate paHieles^ moleeules or atoms of matter. They may be ao, but 
in the present state of our knowledge, the attractions aiid repulsions of 
gravity (planetary) of cohesion^ of chemistry, of electricity, of mag^net- 
ism^ of optical phenomena, of crystallization, appear so (Ustinctly cha- 
racterized as not yet to be resolvable, the one into the other. 

Thu& it appears, that although a state of inactivity, a vis inertiz, an 
indifference to a state of motion or rest, mav be predicated apparently 
of the masses of matter on the earth's sur&ce ; (which, however, ac- 
cording to the experiments of Dr. Maskelyn, on the attraction of the 
hill Schehallien,do nevertheless perpetually and mutually attract each 
other) yet as to all the more intimate and minute particles, of which 
bodies are composed, these are in a perpetual and active state of mutual 
attractions and repulsions, giving rise to the incessantly^continuing, 
never-ending decompositions and recompositions, to which all bodies on 
our earlii, at least are manifestly subiect 

Priestly, and some other philosophers, have supposed the ultimate 
particles of matter, to be surrounded by alternate spheres of attraction 
and repulsion. All this is mere conjecture. The most plausible, not 
to say probable hypothesis, to account lor the apparent contradictory 
phenomena of attraction aiKl repulsion, as appertaining to the ultimate 
molecules of matter, ia that of Father Bosoovick, in his l%eori9 PMImo* 
phidt J^aturdU*^ The curve he has assigned to illustrate the gradual in- 
crements and decrements of these forces, and their gradiud receding 
into the character of each other> is so ingenious and so seemingly cor- 
respondent with the phenomoia, that I cannot but recommend it to the 
attentive consideration of the student. Profiessor Bobeson, of Edin- 
burg, luui given a good abstract of this theory, at the end of the article 
Botcovicky in the nrst voluiae of the supplement to Dobson'a edition of 
the Edinburg Encyclopedia. 



PAGE 66, K0.6. 

The weight which metallic wires, one tenth of an inch in diameter, w31 
bear, is ^ven by Accum so differently from the experiments of Count 
Sickengen» that I give the results of the latter. Iron, 705 lb. avoirdupois. 
Copper 387. Platina 351. Silver 239. Gold 191. In the 26th Tol. of 
Nich. Joum. 103, there is a paper by Gu]^on Morveau on the subject, 
by which it appears, that a wire of 2 millimetres, (787 of a line En- 
glish) supported before it broke the following weights, in pounds avoir- 
dupois. 

Iron, 549.25(5491.4) Gold, 1^0,753 

Platina, 274.32 Zinc, 109.540 

Copper 302,278 Tm 34.63 

Silver, 187.137 Lead 12.371 



PAGE 87. NO. 7. 

Chemical ajkdty. Some additions may usefully be made to Accum's 
account of Uus subject. 
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The difference between the attraction of gravitation and chemical at- 
traction, is, that the former acts on the mass, as a stone ; the latter cma 
the particles that compose the stone. The former acts at distances sen- 
sible, measurable ; the latter only at insensible distances. Chemical af- 
finity or attraction, differs from the attraction of cohesion or corpuscular 
attraction, in as much as the latter takes place between similar, the for- 
mer only between dissimilar particles. 

So in the attraction of ma^etism the force exerted operates on the 
mass, and at considerable distances, which is not the case with the at- 
traction of chemistry. 

In the case of optical attraction, the forces operating- on the rays of 
li|^ht, operate at a distance which can be made sensible , not so in the case 
of chemical attraction. The bodies that reflect or refract a ray of light do 
not alter its properties : the particles that operate on each other by che- 
mical affinity, effect on each other a change of properties. In all cases of 
bodies united or disunited bv the force of chemical attraction a change of 
properties, and anew and different body, is produced Of late Mr. Davy 
(now Sir Humphrey Davy) has brought forward experiments that tend 
strongly to pi-ove an intimate connection at least, between Galvanic (Vol- 
taic) electricity, and chemical affinity : but the facts do not afford satis- 
factoi*y proof of perfect similarity. For, electricity acts at ^eat distance s, 
as we see in the cases of the common lightning-rod upon a jagged cloud — 
in the case of the electric spark and the electric shock, taken at a dis- 
tance of an half an inch or an inch. Again : electricity passes along axMi 
through substances, combines with, and adheres to substances, without 
changing their properties; as through metals and probably glass ; it 
forms an atmosphere round the conduttop; it can be condensed by 
the condenser ; it can combine with and even melt substances, as an 
iron rod, without changing any of their known chemical properties. 
Hence I must greatly hesitate before 1 can fully assent to the identity 
of the two forces. 

The force of chemical affinity, is the same in the same particles, but 
diflferentin different particles. 

When two bodies are united chemically, the chemical attraction, 
which preserves their union, is termed quiescent affinity. When the 
same two bodies are disunited, by means of a third or a fourth, the 
chemical attraction which operates their disunion, is termed divellent 
affinity. When the sum of Uie divelient .affinities, exceeds that of the 
quiescent affinities, disunion takes place. Thus, if sulphuric acid and 
soda, imite with a force equal to 4, to form Glauber's salt, and muria^ 
tic acid and lime, unite with a force also equal to 4, to form muriate of 
lime, the quiescent affinities will be expressed by tlie number 8. But 
if sulphuric acid and lime unite with a force equal to 5, and muriatic 
acid and soda, also with a force equal to 5, then the divelient affinities 
are the sti'ongcst by 2, and disunion takes place. The sulphuric acid 
and lime form gypsum, and the muriatic acid and soda, form common 
salt. This play of affinities is true, as a general rule, but it is liable to be 
counteracted by tlie insolubility of the substances, which may require 
solution or trituration, to overcome tlie force of cohesion; and -by the 
want of heat or caloric, to assist in .separating tlieir pai'ts. 
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Aocording to this diagram, when muriate of lime and Glauber's salt 
are mixed together in solution, gypsum will fall down and the superna- 
tant liquor will contain common salt or muriate of soda. 

Accum has mentioned BerthoUet's discovery, that chemical affinity is 
not always invariable and exclusive in its action, but may be greatly 
modified. 1st, by the pi'oportions, in the masses of matter, presented 
for decomposition ; thus, though A may have a stronger affinity for B, 
than C has, yet the quantity of C may prevent the exclusive union of A 
with B ; so an equal part of litharge will not decompose common salt, 
but if 5 or 6 times the weight of litharge be used, disunion will take 
place between tlie muriatic acid and the soda. 2dly, by the circum- 
stance, that a body fully saturated with another, as manganese with 
oxygen, or potash with carbonic acid, is more easily decomposed than 
a body which is not saturated, fhus, you cannot, by heat, expel the 
last portions of oxygen from manganese ; and when crystallized carbo- 
nate of potash, saturated with carbonic acid, b exposed to red heat, 
you can do no more than get the common or sub-carbonate of potash ; you 
ilo not, by heat, get the potash quite free. The last portions of acid 
are always obstinately retained. 3dly, by the attractions of gravitation 
and cohesion, by detect of temperature, by elasticity, and in a case or 
two, (as in a paste of lime and common salt) by the efflorescence of one 
•f the substances protecting the mass underneath. BerthoUet, 4thly, 
states, that the chemical attractions of a compound, are no more than 
the siun of the chemical attractions of its component parts, modified as 
above, in law 3d, a position which is not, in my opinion, fully made 
out ; for it is possible that new attractions may arise from the alteration 
in the shape aiid magnitude of the particles, com.posing the compound : 
and the attraction which governs crystallization, appears to me a preg- 
nant instance of this. The other parts of BerthoUet's theory seem well 
supported by undeniable facts. 

But this systemiof the laws of chemical attraction or affinity, advanced 
by BerthoUet, is not in full accord with anotlier, that promises to become 
mor^ fashionable, though not yet supported by proofs from induction, 
sufficiently numerous and accurate. 

It had long been known and observed, that while certain bodies (as 
the mineral acids and alcohol with water) combine in any proportion, 
oertain other bodies seem to combine only in definite proportions. Thus, 
a given quantity of water, will take up only a given quantity of salt : 
a given quantity of alkali, will combine with a given quantity of acid, 
and no more, so that in salts, perfectly neutral, the quantities of the 
base and of the acid, are at all times combined in one and the same 
proportion. In like manner, though oxygen will combine with metals, 
it does not appear that it will combine with them in any, but only in 
certain proportions. Sometimes a metal will combme w^ith one quanti- 
ty of oxygen, forming what is called a protoxyd, sometimes also with a 
larger portion, a deutoxyd ; sometimes with a still larger dose, a tntoxyd, 
"fehe highest portion of oxygen, combined with the metal, forming a max- 
imum, or peroxyd. But althoiigh the metal will combine witli any of 
these proportions, when circumstances are favourable to the combina- 
tion, it is supposed or assumed, that if will never combine with any in- 
termediate quantity. Thus if the protoxyd be composed of oxygen =»4, 
and the deutoxydofoxygen=.8, the metal is not found combined with 
the proportions, 5, 6 or 7. Lead is an instance of a metal combining with 
four doses, tlie ash-coloured, the yellow, the red and the puce-coloured 
oxyd. Water is the only combination yet known of oxygen and hydro- 
gen only; and they combine but in one proportion, to wit, 85 and 15. 
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The question is, "irliether this tendency, to combine in definite propor- 
tions only, is a law of chemical affinity, and how far it extends. 
In the year 1789, Dr. Bryan Hig^s, a lecturer of chemistry, in Ijoa- 
\ don, advanced the opinion, that bodies combine either one particle with 

f one, one particle with two, or with three or more. About the year 1802, 

\ Mr. Dalton, of Manchester, adopted a similar hypothesis, which it is 

L necessary to give some account of, as it has been -adopted also, w4th 

^ few modifications, by Gay Lussac and Thenard, by Dr. WoUaston and by 

J Sir Humphrey Davy ; and has been opposed by Mr. Murray, lecturer in 

chemistry, at Edinbunph, and by Dr. Bostock, of Liverpool. 

It must be remarked, that (in my opinion us yet) Mr. Dalton's notions 
do not amount to a theory, accounting for discovered facts, but to aa 
hypothesis only, to be supported by facts yet remaining to be disco- 
Vired. 

Mr. Dalton, in his Chemical Philosophy, assumes certain postulate. 
1st. That when bodies combine chemically, they unite in determinate 
proportions. 2dly. That when two bodies tmite in one proportion only, 
it is reasonable to believe that they unite particle to particle, and theh 
the combination is binary. 3dly. When bodies unite in two proportions, 
they must he presumed to be binai^' and ternary. When in tliree pro- 
portions, we may expect one to be binary, and the other two ternary. 
When in four, we may expect one binan", two ternary and one quater- 
nary, this being (a priori) their most pi'obable mode of union. 

The following Table will exemplify Mr. Dalton's notions in this respect- 

1 atom of A 4* 1 atom of B =r 1 atom of C, a binary compound. 

1 atom of A -f" 2 atoms of B := 1 atom of D, a ternary compound. 

2 atoms of A -f- 1 atom of B = 1 atom of E, a ternary compound. 
1 atom of A + 5 atoms of B zs 1 atom of F, a quaternary compound. 

3 atoms of A -^ 1 atom of B = 1 atom of G, a quaternary compound. 

This system is adopted by Dalton, WoUaston and Davy. Gay Lus- 
sac applies it also to the phenomena of gases in particular, which he 
thinks (and indeed renders it probable) unite in proportions, dependent 
upon their quantities. Mr. Dalton's expression of this, his hypotliesis, 
theory or system, is, " that in all cases the simple elements of bodies axe 
** disposed to unite atom to atom singly ; or if either is in excess, it ex- 
*' ceeds by a ratio to be expressed by some simple multiple of the num- 
** ber of its atoms.*' 

In conformity to this, Davy says, ** It would be easy to bring forward 
** a great collection of evidence to show, that in all compound gaseous 
*' bodies, the quantities of the elements are uniform for each species ; 
** and that when two gaseous elements combine in more tlian one pro- 
'* portion, that the second or third proportion is always either a multi- 
*' pie or a divisor of the first ; and the case seems to be analogous with 
** respect to all true chemical compounds, whether solids or fluids, in 
^' which no mechanical mixtures can be suspected, and where no par- 
" tial decompositions can have taken place.*' For ibis collection of evi- 
dence, the student is referred (after a careful perusal of BerthoUet's 
tract on chemical affinity) to Dalton's new Chemical Philosophy, and 
to Davy's Elements of Chemical Philosophy, wherein all the striking 
and prominent facts of induction are brought forward. 

This is a very important view of the doctrine of chemical attraction ; 
and if well founded, promises to afibrd results and inferences of great 
utility. For instance, it enables us to arrive at the relative weights of 
the atoms, or ultimate particles, whether of a simple or a compound 
body. Suppose (which is very nearly, but so far as depends on experi- 
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ment, not accurately true) that oxygen and hydrogen combine together 
to form water, in the proportion of 85 oxygen, 15 hydrogen, by weight* 
As this is the only proportion in which they are certainly known to 
unite, it is presumable that one particle of oxygen combines with one 
particle of hydrogen. The weight of oxygen then, is to hydrogen, as 
85 to 15, or 5*5 to 1. Again, ammonia appears to be a compound 
of 80 nitrogen or azote, to 20 hydrogen ; therefore, the weight of an 
atom of nitrogen is 4 times that of h)?drogen, and nitrogen and oxygen 
are to each omer, respectiT:ely, as 5.5 to 4, It is true that the. specific 
gravity of hydrogen gas, is to oxygen gas, as about 1 to 15, but these 
gases consist of bases united to caloric, and the preceding calculations 
may perhaps, apply to those bases.*' 

This very neat and plausible aspect of chemical affinity, is opposed 
by Dr. Bostock and by Mr. Murray, on considerations whereof the fol- 
lowing is a brief summary,, drawn up from their examinations of Dalton's 
hypothesis. 

1st. It is as probable, a priori, that a compound never .found but in one 
proportion, as hydrogen and oxygen, may be a ternary or a quaternary 
eombination, as a binary one. Why must it be taken for granted, that 
only one atom of hydrogen Unites to one atom -of oxygen, to form water ? 
For aught we know, water may consist of two or mree atoms, of one 
united to one atom of the other. This objection holds still more strong- 
ly as to the teniaty, quaternary and more complicated coml^inations. 
Hence the very foundation of the whole system is gratuitous ; for on 
this supposition, all the computations rest. 

2ndly. Because we have hitherto produced no other than one combina- 
tion of hydrogen with oxygen^ it does not follbw tliat no other can exist. 
■So far from it, that in the second part of hjs system, palton endeavours 
to show that the fiuoric, muriatic and oxymunatic acids, are compounds 
of hydrogen and o:^g^n, and computes the elementaiy atoms that enter 
into their confposition<. 

3dly. When this theory is applied to facts, apparently established on un- 
exceptionable authority among chemists, ais to the yarious combinations 
of sulphur, carbon and nitrogen with oxygen, the numbers resulting 
from the theory,, do not coincide with the facta, as Dr. Bostock has 
shown at length. (28 Nichols; Joum. 288.) 

4thly. Suppose with Mr. Dalton, that water contains 7 parts of hjrdro- 
gen, and one of oxygen, then either one atom of oxygen is seven times 
heavier than one of hydrogen, or there are seven times as. many atomis of 
the latter, as there are of oxygen. May not either of these alternatives 
be assumed ? a priori, the one is just as probable as the other ; n6r has 
Mr. Dalton assi^ed any reason for the preference he gives to his 9wn 
assumption, except that it is more agreeable to the simplicity of na- 
ture, about which we know nothing. These are the substance of Dr. 
Bostock*s objections. 

To these Mr. Murray adds, 

5thly. BerthoUet has established, that bodies act chemld^b^, not only 
in the ratio of their affinity, but of their affinity and qusmtity. ^ With 
this law, Dalton's hypothesis cannot be reconciled. For if combination 

* I suspect a mistake in all Davy*s calculations of numbers, to ex- 
press substances (Chem. Phil. 112.) arising from this source. When 
two measures of hydrogen gas are burnt, with one measure of oxygen 
gas, water is formed; but the bases of these gases unite with a part of 
their caloric only. That portion which is necessary to enable a fluid 
to become a gas, escapes. 

VOL, I. 51 
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takes place between two bodies in determbuite proportion!, if one atom 
of A is disposed to combine directly with one atom of B, there can be 
no accession of force by the application of ever so many atoms of B. 
While, if it be true, that bodies act in the ratio of their affinity and 
quantity, it appears to follow l^t their power of combination, unless 
arrested by eictemal circumstances, must oe unlimited, for the action of 
«ny number of particles of the one body, may be extended to one parti- 
cle of the other. 

6thly. The coincidences between the chemical facts and the theory, 
are not yet sufficiently numerous to affi>rd ground for an induction so 
important. They are frequently nothing more than approasimatieng to 
evidence in support of this theory, as in the case of the proportions that 
iPorm water. The present state of chemical analysis, is not sufficientlj 
accurate and scientific, to enable us to rely implicitly on assigpied pro* 
portions. In many cases, the chemical authorities for tlie facts adduced, 
do Ttot precisely coincide, and the facts are strained into a coincidence 
with the theory. In other cases, it may fairly be presumed, at least as 
yet, that the facts which do comcide with the hypothesis, may amount 
to no more than accidental coincidences. 

7thly. T would add, that in all cases of chemical combination, the ef- 
fects of caloric evolved or absoi^bed, is never taken into ctHisideration by 
"the gentlemen who argue on either side ; whereas it should seem a cir- 
cumstance of great moment to the calculation, particularly in the case 
vf the formation, or the union of gtises. 

8thly. Nor do I find that the numbers, from calculation, come out in 
perfect coincidence with the numbers deduced from experiment. Oxy- 
gen gas is to hydrogen gas, according to the late experiments of Biot 
and Arago, as 1.10359 to 0.07321, atmospheric air being 1, upwards df 
16 times heavier. But, if according to Dalton, combinations round only 
in one proportion, are presumed to unite atom to atom, then oxygen is to 
h} dix>gen only as S.5 to 1, taking the composition of water for the stand- 
ard. Nitrogen is to hydrogen, Ity Biot and Arago, as .969 to 1.10359, or 
as 4 to 4.45 nearly ; but by the calculations of Dalton, the numbers 
ought to be as 4 to 5.5 nearly. I do not see at present how to reconcile 
the calculations of the hypothesis with matter of fact. 

9thly. Atom is supposed to combine with atom. Of the ultimate 
atoms of matter, we enow nothing. We do not know whether they be of 
the same size or the same shape; whether sphereS) cubes, cones, p3Tamids, 
'parallelepipeds, or any otiier configuration. There is nothing in the 
whole compass of physical knowledge, that will enable us to judge in 
what proportkms they will unite. We are absolutely in the dark. 

I consider, therefore, this hypothesis of Dalton and his followers, as 

'true only in the cases where precise and accurate experiment frequently 

- repeated, shows that it is true.* Many experiments show a close api»oz- 

imation to the law (^multiple-combination, very few indeed are precisely 

coincident ; certainly far too few as yet, to found a valid argument from 

induction. Evim supposing the doctrine of multiple-combination to be 

' ti'ue, I do not find it yet settied, whether it relates in all cases to weight 

or to bulk. 



• For instance, even in the fundamental experiment, the compositicm 
of water, Murray says that "the most exact experiments he ever made, 
gave 1.97 hydrogen in bulk to 1. of oxygen.*' (Supplement Ho. his second 
edition, p. 10.) 



• ■II. ■■■> ipa. •mM^at^Bim 



APPBNDIX, 403 

Some modification and compromise, appears to have been pro* 
posed by Berthollet and Gay Lussac. But. Sir Humphrey Dayy^ in his ' 
late work, considers Dalton's position as a law of affinity sufficiently es- 
tablished ; wherein he appears to me premature, so far as respects the 
present state of knowledge. 

In speaking of liie laws of chemical affinity, some notice ought to be 
taken of its connection with voltaic electricity, sa very splendidly disco- 
vered and illustrated by Sir Humphrey Davy. But as he has given a 
summary of the facts, which I can neither abridge to advantage, or im- 
prove, in Vol. 1, of his elements of Chemical PJiilosophy, pa^ 142, et 
seg. I must refer to a book which every chemical student will have to 
consult My reasons for not adopting the laws of electricity, and those 
of chemistry, as identical, I have already given above. Future disco- 
veries will probably show us the differences between common and vol- 
tai<; electricity, and their still closer connection with chemical facts. 
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On Seat or Caloi^. Accum's account of heat is tolerably well 
drawn up, but I do not recollect any compiler, who has yet given room 
enough to this most interesting subject. Murray, Thompson, Henry, all 
give dissertations of great value, but none of them complete. Accum's 
statement may answer the purpose of an elementary book, but it is a part 
of chemistry that requires to be studied under all the aspects it can be 
made to present. 

I do not know where there is to be found, a summary of the arguments 
that may be urged as to the nature of heat ^ and I shall therefore copy, 
as an addition to Accum^ a part of my own lecture on this head of in;- 
quiry. 

On the nature of heat, whether it be a matter ndgeneria^ the substance 
called caloric, or merely an eifect of motion. 

Lord Bacon, Sir Isaac Newton, Hooke and the generality of English 
pliilosophers, until about the year 1785, were of opinion that the sensa- 
tion of heat was occasioned by some kind of motion, that was commu/> 
nicated to, and took place among the particles of the heated body, 
whether undulatory or vibratory. Of late, this opinion has also been 
advanced by Sir Humphrey Davy, who considers heat as synonimous 
with the power of repulsion, and liiatit is the, immediate effect of mo- 
tion. The statement of hi^ opinions, and hia reasons for them, may be 
found in the 1st Vol. of his Elements of Chemical Philosophy, 93— 98. 

Huygens and Euler, seem to have been of opinion that heat and light 
are fluid bodies, pervading all space, and intervening between the par- 
ticles of all other solid and fluid bodies ; but producmg sensible effects, 
only when put in motion by some exciting cause, ab extra. Thus, light 
was supposed to be existent among all the bodies on our earth, and 
throughout our atmosphere, but put in motion only by the sun, or by 
heat, or some other cause pi'oducing the usual phenomena of light; an 
opinion that, for aught I know at present, may be true. 

After tlie experiments of Scheele, Black, Wilche, Irvin and Craw- 
ford, the opinion that heat was a matter, nd generis^ producing the ef- 
fects we usually associate with that word, gained ground very fest, both 
on the continent of Europe and in England, until it becaine, as indeed 
it now is, the commonly received opmion.- I will state briefly, after my 
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own manner, what appear to me the most pi-ominent argtiments on both 
sides, premising, however, that at present I have not found sufficient 
reason to adopt the sentiments of those, who consider heat as the mere 
effect of some peculiar motion of the particles of the heated body, 

1st Heat radiates from the surface of a rough or coloured body ; it 
is refracted, it is reflected, it can be concentrated. These are proper- 
ties not of a property, but of a body. I cannot see how moHort as unchcsai 
be radiated, reflected, refracted, concentrated by refraction. Something- 
must be moved. If the heat proceed from an iron ball, as it may,* it is 
not the iron that moves from the concave surface of a polished metal 
reflector, or through the transparent substance of a glass lens. It is not 
the air, for this cannot pervade the ^lass j and Scheele has plx)ved that 
the velocity, even of radiant heat, is such, as to preclude the possibi- 
lity of heating the air itself, during the short space of time in ques- 
tion. It is not the light, so far as we know, for the experiment succeeds 
far below sensible ignition. Yet it must be so^nething that is thus moved- 
The thing moved cannot be motion, which itself cannot exist where 
there is nothing to be moved. Motion is a word only, expressing the 
state of existence, the affection or property of some thing or sub- 
stance. 

1% may be replied, tliat sqtmd is the mere effect of niotion ; that it is 
propagated in right lines ; that it can be reflected, a$ from a wall or a 
soundmg-board ; that it can be condensed, as from a speaking-trum- 
pet. 

True, but in this case we knOw to a certainty, that it is the air which 
is moved, which strikes the tympamim of the human ear, and which, in 
a channel that confines it, is condensed. Sound then is produced, not bj 
motion, but by something moved ; ^d it is diminished as you approach 
a perfect vacuiim. 

2dly. By an experiment of count Rumford, it appears that heat is 
transmitted through a torricellian vacuum. 

To this it is answered, that we have never been able to produce a per- 
fect vacuum ; that in the upper part of a barometer tube, there is al- 
ways mercurial vapour. To w^hich I can only reply, as in the following 
argument. 

3dly. Place a thermometer under the receiver of an air-pump, ex- 
haust it quickljr, the mercury will fall considerably ; but in a ishort time 
it will rise again to its former height. Now it is strange, that the mo- 
tion propagated through the atmosphere, or through a space nearly ex- 
hausted 01 atmospheric air, should be equally capable of affecting the 
thermometer, and producing the phenomenon of heat! 

This is a difficulty to which I can suggest no reply, on the theory of 
motion ; for a manifest difference ought to arise in the time and man- 
ner of the heat being communicated through an atmosphere of common 
density, and the air of an exhausted receiver, or through the vacuum of 
a barometer, or the almost inappreciable vapour of mercury, which 
I might be condensed by a moderate degree of cold. A vacuum can be 
made in an air-pump, sufficiently perfect to affect sound ; but the trans- 
mission of heat, is no't thus affected. 

4thly. Heat gives volume ; it increases the bulk of bodies. 

To this it is answered, that the same effect must be produced by any 
motion communicated, that occasions tjie particles of a body, mutually 
to repel each other to a greater distance than before. 

I reply, this is true ; but the expansion is as permanent as the beat^ 
and is therefore inconsistent with continuous vibrations, undulations or 
gyrations, all of which imply a motion not propagated continuously in a 
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Tight line, which would produce a solution of continuity in the body 
itself; but a motion backward and forward, whether in a horizontal, a 
vertical or a curved direction. All these imply, that the heat remain- 
ing the same, the ex{Kmsion is momentaneously varying, which seems 
contrary to fact. 

Sthly. It does not appear that heat follows the usual laws of motion. 
This is answered by asserting the contrary. 1 Davy 94, 95. 
But every chemist knows that heat is propagated with much more 
difficulty downward than upward, as in the experiments of Thompson 
and Murray, in reply to count Rumford. Even Bacon, in his definition 
of heat, foimd it necessary to include "a slight tendencv upwards," 
which is the subject also of popular observation, firom the frequency of 
its occurrence. Nor is heat propagated equally, or in like manner to a 
ball of wood, or of charcoal, and to a hsAl of iron. In fact, I know of no one 
of the laws of motion, stated by mechanical philosophers, to which heat is 
obedient. ' 

6thly. If heat be merely the result of motiori,'itmu8t he the result in 
all cases of tlie same kind of motion, for there must be an uniformity of 
cause to produce an uniformity of effect. But heat is produced in, and 
communicated by solids of all kinds, by granite and by gold — fluids of 
all kinds, water, oil, alcohol, mercury, aci&, alkalies, neutral solutions — 
gases of all kinds. Can the motion, communicated to and by these very 
different substances, be precisely the same? Yet the hypotnesis of mo- 
tion requires this. 

I know not what answer can be made hereto ; for no one has yet 
pretended to ascertain what manner or kind of motion it is, that produced 
beat ; nor are there ai^y two persons yet agreed upon it. 

7thly. I well know that in chemicsd mixtures, motions frequently ex- 
ist, which are not obvious to the senses, but which are known to exist 
from tjieir effects ; but when water is perfectly crystallized int;o ice, 
and so remains. What motion can be supposed in the particles of such a 
body ? and yet heat is certainly combined with it. For not only is the 
temperature of ice very far above the zero of absolute heat, but ice itself 
can be cooled lower than the freezing point When tiie particles of the 
fluid are thus enchained, and when the polarity of its crystallization re- 
mains, which any uniform internal motion would destroy, where is the 
intestine heat-pipducing motion to be sought for ? 

8thly. The phenomena of chemical combination, are so well, so satis- 
factorily, so conveniently accounted for, by the supposition of heat or 
caloric being a substance combinable with bodies, extricable from them, 
producing, like all other bodies, its own peculiar play of affinities, that 
no substituted hypothesis of imknown and undefinable motion, can at all 
supply its place. 

If it be answered, that there are many phenomena, which the theo- 
ry of caloric will not explain, I acknowledge it ; but they are compara- 
tively few, and we are not yet fully apprized of all the circumstances at- 
tending them, nor of all the laws of combination of caloric. I know of no 
theory that has not its difficulties : whichever be found ultimately true, 
we are bound by the fair rules ot^ reasoning to adopt for the present, that 
theory which explains the greatest number of unportant facts. 

9thly. I cannot see what answer can be made to Dr. HerscheU's experi- 
ment of calorific, separate from colorific rays. Mr. Licslie's angry re- 
marks, contain nothing to the purpose, especially after the repetition of 
HerscheU's experiments by Sir Harry Englefield, and tlie similar ones ^i 
©r. Wollaston. 
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These show completely, ttkat there are rays tccompstmng tiie co- 
loured rays of the solar spectrum, which are not coloured, and which 
eminently produce the phenomena of heat. If heat be motion, 'W'hy 
should not the c&lorific be also calorific rays ? For their velocity is 
equal ; they are transmitted together ; they accompany each other ? 
they pass t^gfether throug'h a lens ; they are refracted and reflected to- 
gether. The only difference seems to be, that the calonfic rays, are 
wider certain circumstances^ more inclined to combine with bodies 
than the colorific ; as when in the case of culinary heat, they are inter- 
cepted for a time by a pane of glass. But who can pretend to distin- 
guish either between their species of motion, or their relative veloci- 
ties, so as to say why the rays producing colour should produce no 
heat ? 

lOthly. I object to the whole doctrine of heat, as produced merely by 
motion, that the adopters of it, whether Bacon, Newton, Hooke, 
Boyle, or Davy, make use of words to which none of them have had, 
or have presented any definite meaning. 

I have already ventured to say, it is absurd to talk of motioa where 
there is nothing moved. If heat be communicated to a body by means 
of motion, it must be by means of some body in motion. 

I hold my hand at the distance of half a dozen feet from a good fire, 
in a room with a strong draught to the fire place. What is it beats my 
hand ? The heated air ? No ; for the current of heated air, is not u, 
hut from my hand. The light ? No.; for by means of a screen of g-laisS) 
I can for a short time intercept the heat, while the light passes. 

But if heat consist in motion, it must consist in some known kind of 
motion : for an unknown motion, is to us no motion at all. Dt non ap* 
parentibuB et non exi9te7Uibu$ eadcm ewt ratie. 

Is it a vibratory motion ? What is vibratory motkin ? A motion 
backward and forward. This may be of a whole body, as of a pendu- 
lum, or the string of a harpsichord ; or it may be of the particles of a 
body, not inducing solution of continuity. Which is it ? 

Is it undulatory motion ? The impulses of the air producii^ sound, 
have been called vibrations, undulations, wave-like motions. Heat 
also has been ascribed to undulations. I can understand how a wave- 
like motion can take place in the air when sound is heard, by analogy 
to tlie waves of the sea ; but I cannot conceive how a ball of iron can be 
put into wave-like motions, or how the heated iron, and the heated 
air, can each receive exactly tlie same kind of vibrations or undulations 
in which heat is said to consist. 

Heat has also been supposed to consist in gyratory motion : but this 
is to me equally unintelli^ble. 

Nor less so is the gratuitous hypothesis of Sir Humphrey Davy, that 
heat is attended lirith a motion of the particles round their own asea. 
Where does he find, or how does he exhibit, or by what arguments 
prove this ? Which of these philosophers have clearly explained what 
they mean by vibrations, imdulations, gyrations, or peri-axin revolu- 
tions ? Or have even attempted to show, how these can produce heat ; 
or producing it (for instance in my fiice) can give precisely the same 
species of motion to the skin, the flesh, the nervous papillae, and the 
containing vessels with their fluids, which are found on the surface of 
tny face ? 

In short, I know of no instance in the whole compass oi scientific 
discussion, in which words have been used with so little precision as in 
this controversy. I know of no one amon^ the advocates for heat con- 
sisting in motion, who does not seem perfectly unaware, that abitract 
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i<&;o« are not entities or things, but words only--.that a property is not 
A substance; and that as there cannot be softness if there be nothing- 
joft, or whiteness if there be nothing white, so there can be no motion 
but where l^re is something moved. 

But I acknowledge, there are facts which I cannot explain, and 
which have not been explained satisfactorily to my apprehension, on 
the theory to which I incline. 

When nre is elicited from flint and steel : when a piece of iron is 
iiammered red hot;* when 26 1*2 lb. of water is made to boil by the 
friction of brass and steel immersed in the water itself, as in Count 
Rumford*6 experiment ; when a piece of platina can be kept in strong 
ignition for an indefinite time, by the Voltaic , apparatus ; when a ther- 
mometer falls by the real or the seeming radiation of cold, I. cannot ac- 
count for the fact, on the theory of the materiality of caloric, any more 
than on the theory of motion. 

I know, that in th« first set of these cases, the apparatus used, is 
immersed in an atmosphere full of caloric, according to the common 
]M>tion ; but how that caloric is elicited so strongly and contihuedly, by 
the means used, I know noL The radiation of cold. Dr. Martin seems 
to have explained (20 Kicholson's Journal, 342) but not in a manner so 
obvious as to remove all doubt. In these cases, T am ready to confess 
my ignorance of the modus operandi, whether on the theory I adopt, or 
the Sieory I reject. Rousseau truly says, a philosopher has frequent 
occasion to say J 'ignore, seldom indeed to say, c^eat impossible. Upon 
the whole, I mcline to the common opinion of the materiality of heat, 
«r caloric. 
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Light, The article Light in Accum, is well drawn up for an ele- 
mentary treatise. Perhaps the following observations may be considered 
as an useful addition. 

The sensation of light, is owing to impressions made on the optic 
nerve, expanded upon the retina at the back part of the eye. The light 
passes through three lenses, the aqueous, the crystalline, and the 
vitreous ; ana the impression remains according to D*Arcet*s experi- 
ment one 400tli to one 450th part of a minute. He made a linninous point 
(a hot coal) revolve with tliat velocity which was barely sufficient to 
produce a continuous circular Jmage, which he found could not be 
done unless it revolved in 8 or 9 thh'ds of a minute. Hence it follows^ 
upon calculation, founded on the known velocity of Light,, that its par- 
ticles may be 20,000 miles distant from each other, and yet produce 
continuous vision. This experiment will go far to furnish a reply to 
the difficulties stated by Boscovick and Mitdhell, arising from the pro- 
bable impinging of the particles of light against each other. See on 
this subject Priestley's Histoiy of Optics, page 634. The sensations 
thus excited by the impression of reflected light on our retina, we are 

* I am aware of BerthoUet's experiments that show the heat of per- 
cussion to be dependant in some deg^e.on the reduction of volume, but 
I cannot apply them to this fact. It seems to me that when iron is 
hammered so hot that you can light a match with it, the heat is squeez' 
ed out of ^e Air, not out of the iron. 
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instinctivetjr led to refer to some object extraneous to tis as the clause. 
Hence however, Bishop Berkely and his followers, have been led to ad- 
vance that the material world, is only a Theory to account for our sen- 
sations. But it is a theory founded on the constitution of the humaft 
frame. • 

Lig^ht may be considered, 1st, as solar lig^t. 2dly, as artificial at 
culinary light. 3dly, as light arising fix)m chemical mixture. 4thly, 
as phosphorescent light. 5thly, as electrical li^t. 6thly, as light 
excited under circumstances dependant on physiology. 7thly, as re- 
flected light from the moon and stars. Solar Jtdgkt. Does it proceed 
from the sun ? Or is it a fluid occupying space, and put in motion by 
the objects that occasion the sensation ? The latter opinion is support- 
ed by Malbranche, Huygcns, Le Cat, Ev^ler, Franklin, Higgins, Dr. 
T. Young : who support it by the difficulties that flow from supposing 
that light projected from the sun and the stars continually, never im- 
pinges against light, or is moved out of its rectilinear motion — ^that it 
can hardly be supposed to peimeate the densest diaphanous bodie*^ 
without impinging; that however small the particles, the constant 
emission of it in such inconceivable quantities, must cause waste ; that 
every part of space, and all bodies absorbent of light, mtist long* ago 
have been saturated with it ; that if light be emitted continually from 
the luminous sources of it, it must exist, whether we see it or not ; 
but if the luminotis source be shut out from our eyes, as when we shut 
out th(i sun and the stars, the light seems to us annihilated ; so when 
we suddenly extinguish a candle, we extinguish to our senses, instan- 
taneously, not only the contiguous li^ht, but all the light that has been 
emitted for a considerable time, visible in every part of a sphere of 
two miles in diameter, for a candle in a dark night is visible at 2 miles 
distant; tliat if the light of the sun pass a space equal to 93 millions of 
miles (the distance from the earth to the sun) in 8' 13" 3"' (La Place) 
then the whole sphere whereof the sun is the center, will be filled with 
light in S"* 13" 3"*: but tlie emission of light goes on without end or 
intermission ; hence light must be gi-eatly concentrated in every part 
of the solar system : whereiis we know that strong combustion takes 
place, whjen light is concentrated by means of a lens or a mirror one 
thousand times. How is it then, that our globe has not been melted ? 

How the properties of light can be satisfactorily accounted for, on 
the theory of this sensation being occasioned b^- ilie undulations of a 
fluid medium, existing in, and pervading the space intervening be- 
tween the substances of our planetary system. Dr. Young has with 
grreat ine-enuity attempted to show, in tlie second and subsequent vo- 
lumes of Nicholson's Periodical Journal ; and indeed in a manner that 
seems by no means inconsistent with the properties that Sir Isaac New- 
ton himself was inclined to ascribe to his -S^thcr. 

Thd^ opinion that light is a substance sui generis, propagated from 
tlie luminous object in straight lines, was adopted by Boyle, Hooke, Sir 
Isaac Newton ; and is now the commonly received opinion. The ob- 
jection of Sir Isaac Newton, Opt. Qu. 28, to the theory of an undulatory 
medium, is principally, that when such an undulation is stopped in its 
progress by any object, the motion is communicated undiquaque to 
the surrounding quiescent medium, and will reach even beyond that 
obstacle. This is the case with water and air : but it is not so with 
light, which always moves in straight lines ; and when impeded by re- 
flection or i-efraction, forms not curves but angles. That light also 
does not undulate, appears from its never passing through a crooked tube, 
whereas the air, an undulatory fluid, will give the sensation of sound 
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tiuroagfa such a tube. Moreover the general phenomena of lSght» ac* 
cording to Sir Isaac Newton and his followers, seem much more ac- 
cordant with the theory of particles thrown off in strai^t lines, than 
with the opposite doctrine. JSTon nostri tantas est componere lite** 

The ansdysis of light by the prism into calorific and colorific rays by 
the experiments of Dr. Herschelly Dr. Wollaston, and Sir Harry £ngle- 
field, has already been noticed. 

The solar spectrum, consisting of seven coloured rays, haa been con* 

- sidered lately by Prieur, 17 Kich. Jour. 18. He considers the red, green, 

and violet as the primary rays, and tliat the others are composed of 

th^e. He obtsuned white light, by combining the red, green and blue 

rays. 

Gay Lussac andThenard, have ascertained that mixtures of oiymu* 
riatic and hydrogen gas, which have little or no action on each other 
tn the dark, act on each other when exposed even to a weak light, and 
may be made to explode by the direct rays of the sun. Mr. Dalton had 
observed tfie same fact. 

Hence it appears that the whitt solar ray is divisible into seven difr 
ferent colorificy or colour-producing rays, the red» the orange, the yd* 
low, the green, the blue, the indigo, the violet. Of these, some are 
primary, the others produced by intermixture : that these mys are also 
accompanied With calorijic or heat-producing rays, which extend some>* 
^ what beyond the bounds of the coloured rays : there are also, as ap> 
pears by the experiments of Dr. Herschell and Dr. WoUaston, another 
set of rays, which are de-oxydizifig' rays. These rays also exte id 
somewhat beyond the bounds of the coloured rays, and are strongest 
on the outside of the violet ray, decreasing in de-oxydizing power as 
you recede from the violet toward the red ray ; thus, muriate of silver 
undergoes a change in 15 seconds in the blue ray, which it requirerW20 
seconds to effect ;in the red ray. This de-oxydizing power, seems ex* 
erted in a contrary direction to the heating power, for the t^iermometer 
is aifected less and less as you recede from the red ray toward the 
violet. 

With respect to the solar rays it may further be observed in a chemical 
point of view, that from the experiments of J&iot, and Arago, of which 
there is an abridgment in 26 Phil. Mag. 152, 292, it appears, that 
oxygen refracts least and hydrogen most at equal densities, a property 
that led Sir Isaac Newton to that wonderful suggestion, that water and 
the diamond were inflammable substances, ^om observing the uniform 
superiority of refracting power in substances of this kind. Hydrogen 
refracts 6 1-2 times more thaii common air. All sti'ongly refracting 
substances appear to owe their refracting power to Hydrogen. Atmos- 
pheric air gives exactly by experiment, thp refraction which according 
to calculation ought to be produced by a mixture of 787 nitrogen, 21Q 
oxygen, and 3 carbon, which are nearly if not exactly, the component 
parts of common air. This rule holds in other compound mixtures : 
thus ammoniacal gas has a refractive power equal to that which nitro- 
gen mixed with hydrogen would have, in. the proportions that consti* 
tute ammonia. (Biot.) ' 

With respect to artificial light, I know not of any experiments that 
decisively show its difierence in property from, solar light, particularly 
as to its power of promoting vegetable growth and colour, and its power 
of de-ox^dation : in both respects however, there is no doubt of its ge- 
neral inferiority to the solar rays. 

The light arising from chemical mixture, seems in all cases similar 
to artificial light, and produced by the sudden and violent union of heat, 
oxygen and hydrogen, but whether, the light be evolved as an effect of 
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ehftmieal deeosi^osition* or whether it he I^Mnoed dnrinr tbe process, 
the present state of our knowledge does not permit us to decide. 

Accum \b sufficiently full on tne subject of phosphorescent light, but 
it is a subject not yet understood. I <£> not think it is yet settled whe- 
Hier the ignis fatuns be carburettcd hydrogen, or a 6re flow : the phos- 
phoTMcence of rotten wood, and of fish ver^^ng to putridity, aeenu thm 
effect of very slow combustion : the phosphorescence of the sea consists 
Mipsrentl^ of animal matter ; I have frequently collected it, by straining 
the iUuromated water through a towel, but I could not discover that 
light on the towel, was owmg to any minute Living animal. Many 
pkints also, or their pollen, aie phosphorescent in July snd August, as tjie 
marigpold, monks-hood, the Indian pink, the orange, liUy, &c. at sunset. 

Nor sre we at all acquainted with electric li^t : at lefist I know of 

no facts that will authorise me to make a conjecture as to its immediate 

f cause or its composition : that it is accompanied by heat is certain, as 

it will bum trees and houses, melt metals, aiid even the electric spark 
will fire gunpowder and spirit of wine. But whether hydrogen and 
oxygen are concerned in its production, or existence, or whence tbey 
ate derived, we know^otyet 

Th^ghtdeperidaht.on animsl organization, is also involved in ob* 
w&sA^^Kwbtn a man receives a blow on the head : when he is hung, 
withoiAr extinction of life ; when he receives a blow on the eye, or 
strongly compresses the eye-ball < when he makes his eye a part of a 
Galvanic circuit by means of sUver and zinc, in all these cases, and in 
many others he hs!s the sensation of a flash of light. 

The li|^tof the ^ow-worm, and of the fire-fly seems voluntary, an^ 
dependant on the organs of the animal, who probably means the light 
in both cases as a signalto its mate. Something like the power of ex- 
citing the sensation of lin^tt, liikmgs also to cats and tygers, whose eyes 
do certainly under circwstandB^ of irritation, shine in tibe dark. 

The light of the moon seems unaccompanied with any calorific rays ; 
indeed that planet, according to Bougier, does not reflect more than 
about l-7th ot the light it receives, and is abo^t 300,000 times less 
than that of the sun. Concentrated in a lens, it does not aflect the 
thermometer. It does not fijmish an analysis like the solar spectrum : 
it does not appear to give colour tp y«(getables, or to produce de-oxyda- 
tion« ^'s : 
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Mffdrogen Oat, I know of no proof whatever that hydrogen gas is 
formed of solid hydrogen, caloric, and light. That caloric enters into 
the composition of all the gases, is more than probable, but I know 
^ot any satisfactory evidence that light forms a part of this gas. 
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Phosphoric Bottle. Phosphorus and sulphur may be fused together in 
in a tube exhausted of air ; the most inflammable and fluid mixture is 
one and a half sulphur to two phosphorus j which remains liquid, at 40 
«f Fahrenheit ; but I have never been able to make these combinations 
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i without so much haeard of explosion and &actui« of the veuel, even 

in small quantities, that like the fulminating silver* si young chemist 
should not attempt it. ^ 



PAGE 2^. NO. 12. 

Differences between Charcoal and the Dkmmd. Charcoal b black, 
opaque, not weighty, nor crystallized, generally brittle or soft, is a 
residuum after distillation in close vessels of animal or vegetable mat* 
ter, is a conductor of electricity. The diamond is brilliant, transparent, 
heavy, crystallized, harder than any other substance, has no connection 
so far as we know with animal or vegetable matter, u a nonconductor 
of electricity, Yet both are resolvable into carbonie acid gas with 
oxygen, producing from equal weights, hardly any difference in the 
quantity of gas or of residuum, so uiat acconung to chemical decom- 
position they are the same substance. Davy conjectures that there may 
be a very small quaatity of oxygen in the diamond. 
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On the nature of the Gateo. The following table exhibiting an ar* 
r^gement of all -the permanent gases hitherto known, b from 1 Henry's 
Chem. Edit 6th, p. 175. 

CI4ASS I. Gates -with nmple Bates. 
Oxygen "^ 
Hydrogen> Gas. 
Nitrogen j 

CLASS n. Gasea with compound JBateo. 

Ist. Compound combustible Gases. 
JVame \ Composed of 

1 Ammonia Hydrogen and nitrogen. 

2 Carburetted hydrogen Hydrogen and carbon. 

3 Oleiiant gas Carburetted hydrogen and carbon* 

4 Sulphuretted hydrogen Hydrogen and sulphur. 

5 Phosphuretted hydrogen Hydrogen and phosphorus. 

6 Arsenuretted hydrogen Hydrogen and arsenic. 

7 Potass<tretted hydrogen Hydrogen and potassium. 

2d. Oxyds in the state of Gas. 

1 Carboneus oxyd Carbon aoA ol^gea. 

2 Nitrous oi^d Nitrogen and oxygen. 

3 Nitric oxyd Nitrous oxyd and oxygen. 

3d. Acid Gases. 

I 

1 -Carbonic acid Carbon and oxygen. 

2 Sulphurous acid Sulphur and oxygen. 

3 Nitrous add Nitric oxyd and oxygen. 

4 Nitric acid ^ Nitrous acid and oxygen. 

5 Muriatic acid Unknown. 

6 Oxymuriatic acid Muriatic acid and orvgen ? 

7 Hyperoxymuriaiic acid Oxymuriatic acid and oxygen 

8 Fluoric acid Fluorium and oxygen. 

9 Flttoboric acid Flttoric and boracic acids. 
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fipecific Gniyities of the principal Gases from Gay Lussac. 



Ooiea 

Atmospheric air 1. 

Oxygen gm 1.10359 

Nitrogen gas 0.96913 

Hydro^oi gas 0.07321 

Carbonic acid gas 1.5196 

Ammoniacal gas 0.59669^ 

Muriatic acid gas 1.278 

Nitrous ozyd gas 1 .6 1414 

Do. 1.36293 

Nitric oxyd gas 1.0388 

Sulphurous acid gas 2.265 

Carbonic ozyd gas 0.9569 

Aqueous vapour 0.6896 

6xynHiriatic acid gas 2.470 



Determined by 



»Biot and Arrago. 



Biot and Gay Lussac. 
Davy. 

BerthoUet. 

Berard. 

Kirwan. 

Cruikshanks. 

Trales. 

Thenard and Gay Lussac. 
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It appears to me that notwithstandii^ the approximation of these 
two tables, the round numbers of Mr. Dalton's, tumish suspicion that 
they are to a certain degree forced into coincidence with the experi- 
ment. 

It may be further observed generally as to gases, that their gaseous 
form is most probably owing to a combination with caloric, which in 
many instances may be shown, as when muriatic gas is made to combine 
with water. ^ 

^ The caloric may also be shown in many instances by sudden compres-^ 
sion, as in the case of common air by means of the cylinder and piston 
used for lighting spunk or fungus {Jitnadon.) 

It seems to be a law, that the volume of a gat, i« iKvertely at the com' 
firetniig force. Thus» if undar the weight of one atmosphere a gas occu- 



414 AV^EKDtX. 

pies 60 cubic inches, it will occupy 30 under twice the weight and 15 
under 4 timei the weight. It is thus that the artificial Seltzer water is 
made ; and that water is enabled to take up nearly its bulk of oxygen. 

The lav of the dilatabUity of gaseSy is about one 480th part of their 
bulk, for every degree of Fahrenheit's scale between the freezing and 
the boiling points of water. 

It seems also to be a law respecting gases, that a Ughter tarmot rC" 
main upon a heavier vnthout admixture. Thus provide two ounce phials, 
and a tube 10 inches long and about l-20th of an inch bore. At each end 
the tube is to be passed through a perforated cork previously fitted to 
the phials. Fill One with oxygen and the other with hydrogen gas ; cork 
the phial containing oxygen, and tlien cork the phial quickly which con- 
tains the hydrogen ; let the oxygen phial, stand with its mouth up, and 
the phial contaming hydrogen with its mouth down. In about 3 or 4 
hours, each bottle will explode if a lighted taper be applied. 



PAGE 218. NO. 14. 

All. gases are not incondensible by cold. -2Ether may by means of heat 
be exhibited in a gaseous state, but it may be condensed again. Ox3naiu- 
riatic gas is condensible at 40*^ of Fahrenheit. 



PAGE 225. NO. 15. 

Methods of tbtaifdjig oxi^gen gas. Although this gas is procured more 
cheaply and conveniently from nitre and from manganese than any. other 
way, it is Worth While to mention, that it can be procured in great purity 
from mercurious precipitates per se, or mercury oxyded by heat in con- 
tact with air j and from hyperoxymuriate of potash. It can be procured 
from red lead, from the peroxyd or pdce coloured (fl€fei coloured) oxyd 
of lead : from red precipitate ; either by means of heat alone, or by mois- 
tening the substances ^th colourless oil of vitriol a little diluted^ and 
then applying heat. 



PAGE 328. m 16. 



OxjfgeAe^itB is abtorbable by water* Dr. Henry has aKoertaified that 
at 60 of Fsli. water takes up l-27th of its bulk. Mr. Paul by compte^^ 
mon makes water take op half it& bulk. 



PAGE 236. NO. If. 



Diitormy ef h^^geft gae. This gas Was procured from n 86lution 
of iron in vitriolic acid by Mr. JohaMftud, in July 1736 (Hartyu^ Abrid. 
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Phil. Trans, v. 2. p. 396.) Before that, inflammable air or rather perhaps 
carbiiretted hydrogen, had been collected in a bladder, and exhibited 
before the Royal Society by Sir James Lowther, from his coal mines at 
Whitehaven. 



PAGE 240. NO. 18. 

Hydrogen gcu. Although this gas be unfit for respiration in its pure 
state, it may be breathed when mixed with 3 or 4 times its volume of 
atmospheric air. Mr. Watt of Birmingham whose daughter died of con* 
sumption, told me, that she never breathed a mixture of hydrogen and 
common air, without manifest ease and an alleviation of all the s3nnptoms ; 
but I know of no case where the exhibition of the gases of any kind (I 
might almost say of any kind of medicine) has performed a cure in that 
disorder, the Opprobrium Medicorum. Still, the benefits of the gases 
m various disorders, as shown in the many successful cases of Dr. Thorn- 
ton's practice^ strongly points to their use. 



. PAGE 245. NO, 19. 

Other properties of hydrogen gat.  When this gas, issuing from a tube 
inserted in the cork of a phial containing oil of vitriol diluted with five 
waters, and iron filings, is set fire to, and the flame permitted to ascend 
through a ^lass tube of 18 or 20 inches long, whose upper end is drawn 
out to a capillary bore, a musical sound is produced. Care must be taken 
not to fire the hydrogen of the phial till all the common air is expelled 
by the hydrogen^ else an explosion will take place. The sounds may be 
varied, by means of tubes of difierent sizes and dimensions. 1 Nich. 
Jour. 129 and 4 Nich. Jour. 23. 

A mixture of hydrogen and oxygen g^ases may be made to explode 
by mechanical compression 12 Nich. Jour. 212. 

Perhaps the strongest heat known, may be produced by tlie combus- 
tion of a stream of oxygen with a stream of hydrogen gas^ issuing through 
the aperture of a blow pipe. Mr. Hare's ingenious contrivance for firing 
these gasej9 may be found in the last volume of the American Philoso- 
phical Transactions : and th^ouble gasometer, with separate partitions 
as improved by Mr. Cloud of the Mint of the United States^ secures the 
operator from the danger of explosion. 

When hydrogen and chlorine or oxymuriatic gas, in equal volumes, 
are mixed in a jar and left togetlier exposed to day light, over mercury, 
common muriatic acid gas is formed. If exposed to the solar rays, they 
explode. One volume of hydrogen unites to one volume of chlorine, 
which is in weight to hydrog^ as 33.5 to 1* Whereas about two vo- 
lumes of hydrogen unite to one volume of oxygen to form water. It % 
doubtfiil as yet, whether the hydrogen unites to the oxygen supposed to 
be in the chlorioe, and forms moiiSti&, leaving the muriatic acid gas free 
from oxy^n, or when chlorine and hydrogen iorm muriatic acid 
gas. 

This aaikture may also bo exploded by the idectric spark, as well 9» 
hj the solar rays. 
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Nitrogen gas is absorbable by water in a small degi'ce. By Dr. Hen- 
}7's experiments, water takes up l-75th of its bulk* 



PAGE 250. NO. 21. 

Other properties of nitrogen. It can be separated from amraomacal gis^ 
by decomposing this last by firing it with oxygen by means of the elec- 
tric spark. It is procured also in the fine experiment of Dr. Milner of 
Cambridge^ (Phil. Trans. 1789.) of decomposing ammonia by passing it 
through red hot manganese. The hydrogen of the ammonia forms wa- 
ter with part of the oxygen of the metal, and the nitrogen passes over 
also combined with oxygen so as to form nitrous gas. It has been sup- 
posed that this experiment has been employed by the French in making 
gun-powder. 



PAGE 259. NO. 22. 

* 

jLavoi8ier*8 experiments. One of Lavoisier's experiments deserves to 
be mentioned. There used to be prepared by the druggists a brownish 
red oxyd of mercury called precipitate per se. Fluid mercury was ex- 
posed in a glass matrass with a long neck to prevent the evaporation of 
the mercury, to a continued beat for several days, until the mercury 
was calcined, or oxyded as we now call it. Lavoisier, made a quantity 
of precipitate per se, in a given quantity of atmospheric air. The air 
was diminished in quantity : it would no longer support flame or animal 
life. The mercury so converted into precipitate per se, had gained in 
weight. The air was expelled from it by heat in a retort ; it amounted 
to the quantity absorbed. The mercury was revived ; and this air so 
expelled, singularly maintained combustion. When added to the aif 
diminished by calcination, an air similar to common air was produced. 
The weight gaiffibd by the mercury, was equal to the weight lost by the 
cemmon air. Hence precipitate per se, was shown to be fluid mercury 
united to that part of the atmosphere, whigh is alone capable of support- 
ing life and combustion : and the atmosphere was shown to consist of 
two kinds of air or gases, of which one would support life and flame 
and would combine with mercury, and the other would not. 



PAGE 268. NO. 23. 

Hudiomeier. Beside the eudiometers \\trt enumerated it » worth 
while to notice YoUa^s, and the eudiometer of Messrs. Hope and Pe- 
py's. A 

Voita's eudiometer is a graduated tube furnished with brass wife 
passing throufi^h the sides, so as to admit of the gases being fired. 
Three parts of common air may be fired with two parts of hydrogen gas 
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very pure. There will remain, if the airs he good, 5,05 measures. The 
loss will therefore be 1,95 measure, of which one third will be oxygen. 
If so, the oxygen in the common air will amount to 21 and a fraction per 
cent. •* The general rule for ascertaining the purity of the air by hy^b*o- 

Sen gas, may be stated as follows. Add to three measures of the air un- 
er examination, two measures of pure hydrogen gas. Inflame the mix- 
ture by electricity ; observe the diminution when the vessel has cooled : 
and dividing its amount by 3, we obtain pretty nearly the quantity of 
oxygen gas which has been condensed." (Henry.) 

The eudiometer of Dr. Hope, which is very simple and convenient, 
may be found in 4 Nicholson's Jour. 210. A lon^ graduated tube is fix- 
ed in a phial containing liquid sulphuret of potasn. This is inverted in- 
to the air intended to be examined, which may thus be repeatedly forced 
through the Hquor that is to absorb the oxygen. This eudiometer like 
the improvementof Mr. Pep3r'8,29 Phil. Ma^zine, consists in the appa- 
ratus rather than the principle, but they facilitate and give accuracy to 
the result. 
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PAGE 276. NO. 24. 

Carbonic acid gat absorbable by Vfatef; This ga£ in the temperature of 
41 Fahrenheit, miites to its own bulk of water. Absorption is greatly 
promoted by agitation and by pressure. Dr. Henry has determined that 
water taJces up its own bulk of compressed or of uncompressed carbonic 
acid gas ; and therefore that the quantity which water may be made to 
imbibe, is directly as the pressure. In tiie common machines for mak- 
ing seltzer water, the gas is strongly forced into the water bv being 
pumped out of the reservoir where it is collected and forced mto the 
water in a very strong copper vessel closed by a valve, by means of a con- 
densing pump. Mr. Cloud of the Mint, has ascertained, that if a com- 
mon keg or barrel be made perfectly air tight, strongly bound with 
Wooden or iron hoops, having a shelf about two thirds of its height from 
the bottom, and filled nearly up to the shelf with water, this water ma^ 
be very highly charged with carbonic acid gas by means of diluted vi- 
triolic acid and cha£ in sufficient quantity placed on the shelf in proper 
vessels. The head must fit very tight and be very stfongly secured, 
otherwise it will be forced off. The gas is extricated very fast and being 
accumulated gives the necessary pressure by its own elasticity. 



/ 
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StUphuretted hydrogen gas / other properties 6f it. It tarnishes me* 
tals : it reddens litmus paper : it destroys vegetable colours : it is graj 
dually decomposed in a close bottle ; it is transported with great diffi- 
culty : it is decomposed by means of the electric spark repeatedly pass- 
ed through it : and by ignited charcoal. Davy conjectures it contains 
A small quantity of oxygen : potassium bums brilliantly in it. This gas 
impregnates very strongly indeed the water of a spring about 10 mUes 
from Geneva in the Gennesse country. It abounds in the medicinal 
spring in York county, and in the spring of the same kind about five 
miles from Carlble in Pennsylvania. 

VOL, I. ^3 
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Gaseous oxyd of nitrogen^ or nitrous oxyd. This g^ is procured from 
nitrate of ammonia, which ought to be made by the operator : most of 
that purchased in the shops cont^s a small quantity of sal ammoniac, 
which as I know by experience, occasions a bubbling, a frothing, and 
a boiling over that not only injures the quality of the gas, but endan- 
gers the retort, and occasions a loss in quantity. These circumstances 
are well noted by Mr. Sadler, 15 Nicholson's Jour. 286. 

The nitric acid should be carefully purified by nitrate of silver. It 
should then be saturated with carbonate of ammonia, and gently evapo- 
rated to crystallize. A moderate heat of a ^amp from 400 to 450 Fah- 
renheit, suffices to decompose the salt, The gas should stand for an hour 
over water before it be used for respiration. I have taken six quarts 
without any effect, and in about two hours six quarts more, with th« 
usual confused ideotish but exhilarating effect described by Mr. Davy. 

This gas may be made, not so conveniently indeed or so pure, 1st, by 
exposing nitrous gas for a few days to iron filings : the filings abstract 
j>art of Uie oxygen, and leave nitrous oxyd. 2dly, By dissolvmg zinc or 
tin in nitric acid diluted witli six tinges its weight of water. 



PAGE 328. NO. 2r. 



Absorption ofnitrotis oxyd by water. The water should be previously 
^ boiled : it should be cooled without access of air : it absorbs half its 

bulk at common temperature : this furnishes a test of the air, for the 
. ' nitrous oxyd is absorbed, and the contamination left unabsorbed : for 

I this purpose the water should be about three times the quantity of the 

' gas : when heated, the water gives out the gas unchanged : the impreg^ 

I na'ted water, does not change blue vegetable colours : it has a sweet 

taste : a faint but pleasant odour. 



PAGE 335. NO. 28. 

Gaseous oxyd of nitrogen, or nitrous oxyd, is not diminished by either 
oxygen or nitrous gas ; a mixture pf equal parts of hydrogen and nitrous 
pxyd detonates, nitrogen only remains : when the hydrogen is in less 
proportion than 39 to 40, nitric acid is also generated : nitrous oxyd also 
forms a combustible mixture with ammoniacal gas, of which 100 mea- 
sures require for saturation 130 measures of nitrous oxyd : this gas is 
not absorbed by alkalies unless in a nascent state : animals die in it : it 
consists according to J)avy of 36,7 oxygen and 63,3 nitrogen. 



PAGE 364. NO. 29. 



Chlorine or oxymuriatic acid gas. This sulistance was discovered by 
Schcele in 1774. Put into a retort, three parts by weight Qi common 
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salt, well mixed with one part by weight of manganese in fine powdei*^ 
and two parts of oil of vitriol diluted with an equal bulk of water. It is 
best made in a tubulated retort The first air that passes over, is the 
air of the retort, and some carbonic acid gas with which the manganese 
is usually contaminated. Instead of manganese, the red oxyd of mer- 
cur}% called red precipitate may be used— or the brown oxyd> called pre- 
cipitate per se — or common red lead (minium) or the puce-coloured 
(flea coloured, brown) oxyd of lead which is the per oxyd* These being 
substances containing mucli oxygen. 

Also, common muriatic acid, or spirits of salt, may be substituted for 
tlie vitriolic (sulphuric) acid and water. 

This gas being of a greenish yellow colour is called by Daty, chlorine. 

It appears then, that whenever substances containing much oxygen, 
are exposed to the action of muriatic acid either ready formed and mix- 
ed with water, or in its nascent state, as when the substances are put to- 
gether which are usually employed to form it. Viz. sulphuric acid and 
common salt, the gas called oxymuHatic acid gaa by one set of chemists, 
and chloi^megas by Davy and his followers, is produced* 

BertboUet and all the chemists until the recent experiments of Gay 
Lussac and Thenard, and Davy, have conceived that this was a com-* 
pound gas, formed by the union of muriatic acid to oxygen : 1st, because 
it is never produced except when muriatic acid is treated with substan-^ 
CCS containing oxygen. 2dly, because the oxygenated substances be- 
come deoxygenated by the process. Sdly, because this gas has all the 
properties tliat might be expected from a union of oxygen and muriatic 
acid gas : it destroys vegetable colours : it is converted into muriatic 
acid when mixed with hydrogen or with carburetted hydrogen, and ex- 
posed to solar light : it converts the carboiiic oxyd into carbonic acid i 
nitrous gas is condensed by it in the same manner as by oxygen gas : i€ 
converts sulphurous acid gas into sulphuric acid : phosphorus bums 
brilliantly in it : so does the powdered charcoal of beech wood : so do 
the. metals reduced to powder, or beaten into very thin leaves : when 
streams of this gas are passed through flowers of sulphur, an oxyd of sul* 
phur mixed with muriatic acid is formed : this gas forms detonating com- 
V pounds with alkalies : and in all these cases of seeming deoxygenation^ 
the acid is changed from oxygenated muriatic, into comm(m muriatic 
gas. 

These experiments, which the presence of oxygen in this gas, so very 
easily explains, would seem to amount to full proof that bx3miuriatic gas, 
is a compound of muriatic acid and oxys^n : but the two following ea:* 
periments g^ still nearer to demonstrate it. 

Saturate water with oxymuriatic gas, fill a bottle with it : let a bent 
tube communicate with the inside of the bottle and a common pneumatic 
apparatus : the bottle should be transparent. Expose it to sunshine i 
the liquor will ^adually lose its coloui', bubbles will separate which be- 
inj^ collected will be found to be oxygen gas, and the liquor in the bottle 
will-be common muriatic acid and water. BerthoUet who made this ex- 
periment computed the oxygen of oxymuriatic acid to be 11 per cent* 
Chevenix makes it nearly double that ; Gay Lussac states it at half the 
volume of the ox3anuriatic gas : but the quantity is not now in ques- , 
tion ; for it is denied that oxygen can be separated from oxymuriati<i 
acid. . 

When oxymuriatic gas is passed through pure or caustic potash (pot- 
ash deprived of its carbonic acid by means of quick lime^ and fiUered) 
two salts aie formed, the one, common muriate of potash, the dther the 
hyper-oxymuriate of potash ; for this last contains the whole oxygen 
which the gas contaiiied. This salt, the hyper-oxymuriate of potash, 
when exposed to heat in a glass retert, yields 72 cubic inches of pure 
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pxygen eas Irom 100 grains, and about three cubic inches of mtTOgen. 
^ow, where does this oxygen g^ come from, if the oxymuriate or ehlo- 
rine gas contained none ? 

Sir Humphrey Davy however, in his late elements of chemical philo- 
sophy, has taken for granted ; assumed it as a point established, that 
there are in nature two supporters of combustion, to wit, oxjrgen and 
chlorine : that chlorine, is a substance sui generis, simple, uncompound- 
ed, and containing no oxygen whatever : Uiat tlie term oxyumriate, is 
founded on a false theory of its composition, and therefore is to be re- 
jected 

Scheele had suspected oxymuriate to be a simple substance, and 
Gay Lussac and Thenard had also published several experiments, that 
seemed to show that oxjmuriatic g^s might be considered as a simple 
substance forming common muriatic acid when united to hydrogen^ but 
tl)ey did not renounce the common opinion. 

The conjecture of Gay Lussac and Thenard was pursued by Davy, 
with his usual industry and ingenuity. The principal reasons assigned 
for the opinion he adopts, are in substance as follows : 

1st. Oxygen has a very strong affinity to carbon : but when oxymuria- 
tic acid gas is passed over red hot charcoal, although common muria- 
tic gas is given out at first, in consequence of the hydrogen contained 
in the charcoal, yet the oxymuriate soon passes without alteration. 

2d. When tin is combined with oxymuriatic acid, wherein it is sup« 
posed that the oxygen goes to oxydate the tin, and the common muria- 
tic acid dissolves it, be could not procure this oxyd of tin by saturating 
the acid with ammonia : a ternary compound was formed. 

3d. When phosphorus is treated wit}i oxymuriatic acid, a compound 
is formed, similar to thut which is made by distilling phosphorus with 
corrosive sublimate ; but there is no decided abstraction of oxygen. 
When water is added to tliis mixture, phosphoric acid and muriatic 
acid are formed, the oxygen of the water making phosphoric acid, and 
the hydrogen of the water uniting^ to the chlorine and forming common 
muriatic acid. ^ -^ 

4th. When this combination of phosphorus and chlorine was neo-. 
tralized by ammonia, the product was not phosphoric acid and sal<. 
^onmoniac, but a ternai*y compound, undecomposable. The same was 
the case, with the sulphuretted muriatic acid formed by Dr. Thomp- 
son by passing oxymuriatic acid through flour of sulphur. 

lastly, common muriatic acid, is m all cases formed by the union of 
hydrogen with chlorine in equal volumes, and witliout aiiy deposition 
oi water. This union takes place, whenever hydrogen and chlorine are 
simply mixed together, and left exposed to the common light. Hence, 
Pa^ considers cblofine as a simple substance, combining as such with, 
phosphorus, sulphur j the fixed alkalies, earths, and metals, and with 
all inflammable bodies, enabling' with them, combustion to take place. 
He considers tlie common muriatic acid as formed of chlorine as ita 
acidifying principle and hydix)gen as its base ; and when hydrogen is not 
present, m the form of a gas, Qie common muriatic acid can be procur- 
ed from chlorine by the decomposition of water fuiTiishing hydrogen . 
He denies that there is any pi"oof of the existence of oxygen in oxymuria- 
tic gas, or of water in the common muriatic acid gas, explaining all 
the apparent productions of oxygen from chlorine, by the decomposi- 
tbn M water, which in reality funushes the oxygen, while its hydrogen 
uniting with chlorine forms common muriatic acid. 
. The supporters of the old theorjr on the contrary, account for the pro- 
duction of muriatic gas when hydrogen is mixed with chlorine, in this 
way. The hydrogen unites with the oxygen and forms water, which is 



APPENDIX. 421 

taken up as a neeessaty component part of, and goes to form the conv- 
mon muriatic acid gas, which is never found without it. 

At this stage of the controversy, it is brought to a simple point where- 
in Sir Humphrey Davy on the one side, and Mr. Murray on the other, 
are at issue. If it be true as the former sayis, that common muriatic 
gas contains no water in its composition, and if, as appears to be the 
fact, no water is deposited or precipitated when hydrogen combines 
with otymuriatic acid gas, then is there no proof that oxymuriatic gas 
contains oxygen, and me disappearance of the hydrogen, and the pro- 
duction of common muriatic acid gas are inexplicable, unless upon the 
hypothesis of Sir Humphrey Davy. 

On the contrary, if muriatic acid gas, do hold water as a constituent 
in its state of gas, then the disappearance of the hydrogen, the abstrac* 
tion of the oxygen from oxymuriatic gas, the disappearance of the 
water so formed, and the appearance of common muriatic gas 
as the consequence of this union of the oxygen and hydrogen into 
water, is all plain, simple, and intelligible on the theory commonly re- 
ceived ; and Sir Humpnrey Davy's explanations must fall to the ground. 
The whole controversy is now reduced to a beautiful case of chemical 
special pleading: the parties are at issue on a single fact; of which the 
onus probandi rests on Mr. Murray and the defenders of the old doc- 
trine ; for Sir Humphrey Davy is not bound to prove the negative. 

Accordingly Mr. Murray proceeds to show that common muriatic gas, 
c2oe« hold water : but previous to so doing, he attempts to show, that 
from known chemical analogies, there is no reason to expect that char- 
coal should take the oxygen from oxymuriatic acid. 

When oxymuriatic acid is decomposed by hydrogen, the oxygen goes 
to form water, and the water formed, is taken up by the muriatic acid 
gas. When oxymuriatic acid is decomposed by metals, the oxygen 
imites with the metal, which then becomes soluble in the muriatic acid 
which remains. But when oxymuriatic gas is passed over red hot char« 
coal, the union of oxygen and carbon forms no water, without which the 
muriatic acid cannot exist : nor can the oxyd of carbon, or the carbonic 
acid aid the divellant affinitieli, for they have little or no affinity with mu- 
riatic acid. Hence, the muriatic acid cannot appear, the oxygenated 
.muriatic acid therefore cannot be decomposed by cliarcoal. But when 
hydrogen instead of carbon is presented to oxygen, the water formed, 
unites instantly to the remaining product and forms common muriatic 
acid gas. 

Still however this explanation proceeds on the supposition that com- 
mon muriate gas, dacB hold water in solution, and as a constituent. 
Murray then g^s on to detail some experiments of Gay Lussac, and 
some of his own, to show that this last mentioned gas is such as he 
states it to be. 

1. It is agreeable to the analogy of all the other acids : the sulphuric, 
the nitric, the phosphoric, the fluoric acids contain water, of which 
they cannot entirely be deprived ; and why should not the muriatic ? 

2. When muriatic acid gas unites to metallic oxyds, water appears ; 
&> when sulphuric, nitric, phosphoric, fluoric acids luute to metallic 
oxyds water is separated. In the latter cases, this appearance admitted 
jw proof that water was combined with the acids ; why not in the former ? 

3. Gay Lussac and Thenard have proved, that muriatic acid gas 
always contains 0.25 of its weight of water. By decomposing oxymu- 
riatic gas by ammoniacal gas, they found reason to conclude tiiat 
oxymuriatic gas contains half its bulk of hydrogen ; and of course ac- 
cording to tlie known proportions in which oxygen and hydrogen com- 
bine to form water (viz. two in bulk of hydrogen to oneof oxygen) they 
concluded that it must unite precisely with its volume of hydrogen. 



* "" '■ - 



» 



422 APPENDIX. 

U does so : therefore mumtic acid does contain 0.^ of its weight of 
water, or with more precision according to their experiment (X245. 

4. They endeavoured to abstiact the oxygen of the oxymuriatic acid 
gas, and procwe the muriatic gas free from water : they pursued the 
methods ahready noted with the sulphurets, phosphorus and charcoal, 
but tliey could not by these means decompose the oxymuriatic acid, and 
they could not procure the muriatic acid free from water. 

5. Tliey could not decompose the oxymuriatic gas, when dry, by dnf 
sulphurous acid gas, by carbonic oxyd, by nitrous or by nitric oxyd i 
but they easily decomposed it when moisture was admitted. 

It is true in these experiments they took for granted the common 
tlieory that oxygen is a component part of oxymuriatic acid: still the 
fact remains that they could obtam no muriatic acid without water, 
and they could always obtain it when moisture was present. 

To free these experiments from ambiguity, Murray made the follow* 
ing experimentum crucis. 

** Water is produced, when muriatic acid gas oombines with a me- 
tallic oxyd : Mr. Davy says it is formed by the oxygen of the oxyd 
combining with the hydrogen of the acid." if however there is any 
case of a substance which does not contain oxygen, combining with the 
acid, this supposition is necessarily precluded; and if water is pro- 
duced in such a combination, it must be inferred to be derived trom 
the acid. Ammonia is a substance of this kind ; and to decide 'on the 
truth of these, two systems, it is only necessary to ascertain the fitct, 
whether water is contained in the salt which it forms with muriatic 
acid gas. 

" I combined over dry mercury, dry ammonlacal gas with muriatic 
acid gas, and havinji;' collected the salt formed, I exposed it to heat in 
a retort, and found water U) be expelled and condensed in the neck of 
the retort. This proved therefoi^e, its existence in the salt ; and from 
the volatility of muriate of ammonia, it was not possible to raise the 
heat so high as to expel all the water it might contain. I therefore sub- 
limed the residual salt through ignited charcoal, and found , that an ad- 
ditional portion of water was separated. I'he whole quantity I found 
from the details of the experiment, amounted to about one-6th nearly of 
tlie wei^fhtoftheacid, and there can be no certainty, that all the water 
is even m the second stage of the experiment expelled from tlie salt. 
(Nicholson's Jour. vol. xxxi,. p. 126.) 

" The existence of water in muriatic acid gas is thus established : 
the water which is obtained in other combinations of the acid with 
salifiable bases, must be equally considered, as that which hcu exUted 
in union with the acid; and the hypothesis of its firmation cannot be 
maintained. 

** Mr. Davy has supposed however, that the water which, from a repe- 
tition of the experinent, he admits is produced, is derived itom the 
atmosphere, the salt imbibing it, in the short time during which it is 
exposed to the air in con>-eying it from the vessel wherein it is formed, 
to the retort in which it is exposed to heat, and experiments have b<*en 
stated on his autiiority, m which when the salt was heated without e ^- 
posuie to air, no water was obtained (xxxix Phil. Mag. xxxi Nich. 
Jour.) This supposition is altogether inadmissible, for muriate of am- 
monia, is not a deliquescent salt, but remains perfectly dry when ex- 
posed to air in a common state of di7ness : and there is not an example 



* Hence the ncutrul formed will be an oxj^muriate : for when hydro- 
•gtnis abstracted from coiiiiiion muriatic, acid, according to Davy, oxy- 
muriutic acid ia produced. 
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in chemistry of a substance soluble in water imbibing it with any cele- 
rity from the atmosphere, without continuing to attract it until it is 
dissolved : the very force of attraction wliich g^ve rise to the first ef- 
fect, causing a continuance of it, until that equilibrium is attained 
which produces solutimi. 

** It is accordingly proved by subsequent researches that this sup- 
posed source of fallacy has no existence. Dr. Bostock and Dr. Trail 
have performed the experiment in such a manner as to exclude the 
agency of the atmosphere. The ammoniacal gas, and the muriatic acid 
gas were separately carefully dried, and were combined in a flask fur- 
nished with a bent tube. After the combination was completed, the 
tube was adapted to the flask, and the latter was turned over, so that 
the extremity of the former was kept below the surface of the quick- 
silver. The flask was imbedded in a charcibal furnace, and gradually 
heated so as to sublime tlie salt. When it was about half sublimed, a 
dew was observed to form at the upper part of the curvature of the 
tube, which increased so, that at one period it occupied a zone around 
the tube of about an incl^ in width, and some globules of water were 
formed ; and when this was driven forward by increasing the heat, a 
deposition of moisture was observed at the end of the tube. (Supple- 
ment to xxxiNich. Joum.) An experiment resting upon authority so 
unexceptionable, and evidently conducted with every precaution to en- 
sure accuracy, must be regarded as conclusive. I have also foimd by 
an experimental investigauon, of which the details will be speedily pub- 
lished, that water is obtained as Dr. Bostock and Trail found, when the 
salt formed by the composition of muriatic acid and ammonia is sub- 
mitted to heat without exposure to air — ^that the quantity produced is 
apparently as considerable as when it has been previously exposed — 
that this salt does not absorb humidity from the atmosphere, so as to 
afford the water which it yields when submitted to heat — and that even 
when the water expelled from it is submitted to its action, it does not 
again absorb it, so as to afford thereby any explanation of the result of 
the experiment. I cannot therefore but regard this result, as suffici- 
ently established, and it has been admitted, that if it be established, it 
is conclusive on the subject of this controversy. See supplement to ih^ 
second edition of Murray's Chemistry, p. 108." 4^ 

To this apparently decisive experiment, I have heard as yet of no 
reply* 

The proportion of oxygen in oxymuriatic acid, is stated 

By BerthoUet at 11 percent. 

By Chevenix 16. 

By Gay Lussac 22,92. 

By Dalton 24. 

The proportion therefore cannot yet be considered as ascertained. 
Might it not be arrived at, by ascertaining the quantity of hyperoxy* 
muriate of potash formed from a given proportion of gas, and the quanti- 
ty of oxygen yielded by the salt .«* 

Since one measure of oxymuriatic gas consumes exactly one measure 
of hydrogen jgas — and one measure of oxygen gas consumes two measures 
of hydrogen gas, it follows that oxymuriatic gas must contain half jts 
volume of oxygen gas : and from the same result it follows, that muri- 
?itic acid gas must contain 0.25 of combined water. (Murray.) 
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CwAustUm. I do not see th&t sensible heat and flame ajhe at all ne- 
cessary to enter into the chemioal notion of combustion. Whether the 
heat separated when oxygen unites with a combustible body, be attend- 
ed with heat manifest to ottr senses from the suddenness and violence of 
the union, or whether it be so gradually evoWed as not to aifect oar 
senses, is of nt consequence to the theory. That cwnbuHion is the term 
properly applicable to the union of oxygen and an inflammable body, 
appears to roe as Well settled as any part whatever of chemical language 
or chemical theory. 

Accum takes mt granted that caloric and ligbtare ahtrays emitted 
durmg combustion, and that the oxygen gi^es out the caloric, and the 
combustible the light (389.) It may be tnie that the light is a compo- 
nent part of the inflammable body; and some of the reasons assigned by 
Accum render it probable : but there is as yet no satisfactory proof of it . 

As to the caloric evolved, it is usually ascribed to the oxygen whose 
caloric is separated when this gas combines witli a combustible and be- 
comes fixed. My own notion is, that it is to be ascribed in a fivefold 
proportion to the combustible itself. Here is the proof. The specific 
heat of water being 1. thatofcommonair is 1.79, of carbonic acid 1.05, of 
nitrogen .79, of oxygen 4.75, ef hydrogen 31.4. Of course the prop(»r- 
tions of heat evolved is fairly ascnbabk to that substance which when 
condensed into a solid cm furnish the most. 

Facts seem at present to point out the following coriolasions. 1st. 
There is but one body in nature capable (d being burnt, hydifogen ; the 
phlogiston of the older chemists. 3d. There is but one body m nature 
capable of supporting and maintaining combustion, oxygen. 3d. When 
the union between these two is sudden and violent beat and flame are pro* 
duced, obvious to the senses : when slow and gradual, the heat and light 
evolved are not obvious to the seises which are very limited, imperfect 
and inaccurate tests. 4tb. When oxygen and hydrogen uniting together 
so as to produce combustion, become solid from a gaseous state, the 
heat or caloric unnecessary to the new compound, is given out, and be- 
comes the heat of combustion : of which it is presumable that the hy- 
drogen furnishes the greater part, its latent heat as well as its specific 
heat being so much greater, for it is by far the lightest of the gases. 
5th. As the colour of the flame during combustion depends on the com- 
bustible—as all vegetable colour seems greatly dependant upon solar 
ligh^— as it is reasonable to expect that the light evolved during com- 
bustion, must proceed fi-om one or other of the two bodies which unite 
during combustion, there is room for conjecture that light is united to 
combustible bodies in a solid state ; but whether to the hydrogen, or 
concomitantly with it. We have no facts to determine. 6th. That%i)imal 
heat la not exclusively owing to the absorption of oxygen into the blood, 
but lihat as heat is either evolved or absorbed in every possible case of 
chemical union, evolution and absorption of heat is perpetually going 
forward in every part of the body, partibularly in the digfestiye and glan- 
dular or secreting part of our system. 

If this account be true, it will lead us to conclude that oxygen and 
hydrogen will unite in other proportions beside that which fiums water. 

T.C, 
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THE END. 
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